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J .  C h r i s t i n e  Rodger
C u r r e n t ly  t h e r e  i s  c o n s id e r a b le  i n t c i ' s s t  in  n c r - i n v a s i v e  methods of 
c a rd ia c  i n v e s t i g a t i o n .  B ecause ecdiocardicgraphy j^ rc v id s s d i r e c t  r a t l i e r  
th a n  i n d i r e c t  in fo rm a t io n  on c a r d i a c  s t r u c t u r e  ana f u n c t i o n ,  i t  has 
im p o r tan t  ad v an tav es  o v e r  o th e r  methods. T h is  t i i e n i s ,  b a se d  on th ro e  y e a r s '  
e x p e r ie n c e ,  i s  an accoun t o f  rny e v a lu a t io n  of cchocard iograp liy  in  a  c l i n i c s !  
c o n te x t ,
I  f i r s t  saw th e  method used  i n  1569 when I  was worliing in  th e  D'^parluKuit 
of C l i n i c a l  C ard io lo g y  a t  th e  Rojral P o s tg r a d u a te  M edics] S chool.  T'bjhocardicyr'.pr; 
was th en  new to  th e  Unit ed Kirgclom and was g e n e r a l ly  regard  e l  as  f a i  from 
r e s p e c t a b l e .  A lthough i t s  n o n - in v a s iv e n e s s  was an obvious a t t r i b u t e ,  1 became 
convinced  cf  th e  fundam en ta l im portance  of c a r d i a c  u l t r a s o u n d  wi-en th r su p h  i t ,  
my concep t cf  th e  m echanics of th e  normal r .d t r s l  v a lv e  was c l a r i f i e d .
I  s t a r t e d  u s in g  t l ic  method i n  1971 when I  f i r s t  hud a c c e s s  to  u ' J r a s c . i i c  
equipment i n  th e  Department of D ia g n o s t ic  D adlo lcgy  in  ilio W estern  1 n f i r m i r y ,  
Glasgow: my work has  been  done in  and w ith  th e  c o - o p e r a t io n  of t h a t  dcpar t .ne i ' t .
A f te r  on i n i t i a l  s i x  month p e r io d  sp e n t  overcoming t e c h n i c a l  problem.: and 
prcblcm s of echo i d e n t i f i c a t i o n ,  my c o l le a g u e  and I  e s L ab i ish ed  a  r o u t in e  
s e r v ic e  in  c a r d i a c  u l t r a s o u n d .  At f i r s t  J  was th e  only so u rce  of r e f e r r a l  
and even now, up to  a  t h i r d  c f  th e  p a t i e n t s  a r e  examined a t  ry  i n s t i g s  t i e r  ci" 
r e q u e s t ,  b o n e th e le s s ,  i n c r e a s i n g  i n t e r e s t  in  Lhe method has  boor r e f l e c t e d  in  
r i s i n g  r e f e r r a l  f i g u r e s ;  250 p a t i e n t s  were examined i n  th e  l a s t  s ix  months.
A lthough many of our e a r l y  p rob lem s were due to  th e  i . r t r i n s i c  d e f i c i e n c i e s  
c f  our o r i g i n a l  r e c o rd in g  system s and would have been a v o id e d  had a s t r i p - o H a r t  
r e c o r d e r  b e e r  a v a i l a b l e ,  th e  l a c k  of d e t a i l e d  p u b l i s h c l  i n f o m a t  io n  o r  methods 
c f  exam ina tion ,  r e c o rd in g  and measurement undoubtedly  a l s o  p i a y e l  a p a r t .  These 
c o n s id e r a t io n s  go a lo n g  way tow ards  expla in ing , why Feigenbaum (1973) has  found 
t h a t  much of th e  c c h o c a rd io g i’aphy done today  i s  t o t a l l y  in a d e q u a te .
As iry ex p e r ie n c e  b roadened ,  I  became i n c r e a s in g ly  c r i i i e a l  of th e  q u a l i t y  
an l / «, «
and i i i t c jq j r e i a t i o u  c f  pub] is l .cd  ccho"rar:!S. I  r e a l  i s  e l  too  tlu: t tec - .aso  
th e r e  had been i n s u f f i c i c u t  em phasis on Methods c f  aui-emert and tdie 
r e p r o l u o i b i l i t y  of r e s u l t s ,  t'ne q u a n t i t a t i v e  a s p e c t  <^r c .ardiao u] t r a s o . i i i t  
were auopoct, I c c r c lu d e d  t h a t  a i umber of fa c e  te  of ocnocardicp,r..-phy 
r e q u i r e d  f u r t h e r  c r i t i c a l  a p p i u i s a l ,  1 t h e r e f o r e  c t r i p ' l e  i and a n a ly se d  
th e  d a ta  s e t  out h e re  t o  p ro v id e  a backp.round f o r  r e s e a r c h  and f^.r rou! in e  
C l i i i i c a l  i n v e s t i g a t i o n .  U n fo r tu n a te ly  , p a r a l l e l  leaeütodynair.ic. s t u d i e s  were 
o f te n  irupccs ib lc :  my work was done in  a  h o s p i t a l  i n  whic/i I  wns no t ba.oed
an'l I  d id  n o t  have a c c e s s  to  th e  n e c e ss a ry  f a c i l i t i e s .
T h is  t h e s i s  i s  b a s i c a l l y  an  e v a lu a t io n  of th e  acc u racy  and l i m i t a t i o n s  
o f  c a r d i a c  u l t r a s o u n d .  However, I  have .made some use o f  echoca i .l io rraphy 
a s  a r e s e a rc h  t o o l  e .g .  i n  th e  a s se s sm e n t  of l e f t  v e n t r i c u l a r  f u n c t io n  i,n 
chronic; r e n a l  f a i l u r e  and th e  r e s u l t s  o f  t h i s  approach! a i e  a l s o  p r e s e n te d .
New p r o s p e c t s  f o r  c a r d i o v a s c u l a r  r e s e a rc h  hiave been opened up by s in g l e  
dimension-O. and more r e c e n t ly  m u l t id im e n s io n a l  ech o c a rd icg rap h y .  I t  may 
indeed  be t r u e  t h a t  e choca rd iog raphy  has  reacl'.ed a s ta g e  o f  i t s  dcvej.cpment 
cor.ij. a r a b l e  t o  t h a t  o f  e l e c t r o c a r d io g r a p h y  31 y e a r s  ago ( B r i t i s h  M ed ica l 
rTourno.l, 1974)* - I f  so , i t s  p o t e n t i a l  i s  enoiTious.
KEY T' FIGUIE3 AT'D 'TAI'IJC
CARDT.L? Sr:UJTjTTG:3
I n  th e  u l  l i a  so n ic  t r a d i n g s  ar:6 tin: diagram s c a r d i a c  s i  rue  Is  roc 
have b ie n  l i e n t i fn o d  as  f o l l o w s ; -
AO i n i t r a l  a n t e r i o r  cusp
i'O m i t r a l  p o s t e r i o r  cusp
II m i t r a l  r in g
Ch cl.oi'dac te n d in e a e
A Cb a n t e r i o r  chordae
P Cb p o s t e r i o r  chordae
P i  p a p i l l s i r y  muscle
PfM p o s t e r i o r  p a p i l l a r y  muscle
RV r i g h t  v e n t r i c l e
LA l e f t  a t r i u n
LV l e f t  v e n t r i c l e
.endo l e f t  v e n t r i c u l . a r  endocardium •
c p i  l e f t  v e n t r i c u l a r  cpicard!urn
rnyo l e f t  v e n t r i c u l a r  myocardium
I  AS in tc i .a ’- e n t r i c u l a r  s e p t  urn
Me membranous p o r t i o n  o f  i n t e r u 'e n t r i c u l a r  septum
Mu m u scu la r  p o r t i o n  o f  in te ia -e n tr ic u l t  a r  sop tun
Ao a o r t i c  roo t
T t r i c u s p i d  v a lv e
PE pei-icn.z 'dicl e f f u s io n
foU.c'.'.'ing a b b î ' - v i a t i ci;y have been used i n  th e  t a b l e s  a r i  giwph" : -
AMI a c u te  m yocard ia l  i n f a r c t ion
A3 a o r t i c  s t.enonic
Alt a o r t i c  r e g u r g i t a t i o n
Ca c a l c  i  f  ic a  t  i  c n
Co c a r d i a c  o u tp u t
CT .1 ca  r l i o - t h  c ra.cic in; t  i o
C;K 11 cl e r t  x -  ru2'
1/11 d i a s t o l i c  c lo s u r e  r a t e  o f  t i e  m i t r a l  v a lv e
KDY l e f t  v e n t r i c u l a r  c r l - d i a s t o l i c  volume
Î1SY l e f t  v e n t r i c u l a r  c n d - r y s t c l i c  volume
EF l e f t  v e n t r i c u l a r  e j e c t i o n  f r a c t i o n
LVIIDP l e f t  v e n t r i c u l a r  e r d - d i a s t c l i c  p r e s s u r e
31v’F l e f t  v e n t r i c u l a r  f^A l u r e
1 ' 3 mit ra 1 r>t e no s i  r>
MR m i t r a l  r e g u r g i t a t i o n
P I  Y packed  c e l l  volume
P.V'DV l e f t  v e n t r i c u l a r  p o s t e r i o r  w a l l  d i a s t o l i c  v e lo c ity
r.VE l e f t  v e n t r i c u l a r  p o s t e r i o r  w a l l  e x c u r s io n
IIDT reg  ul a r  d ia l  y s i  s. thera.iv.
3Y l e f t  v e n t r i c u l a r  s t r o k e  volume
CIT/iE'TKR J
P r c f  e s s o r  I a n  Donald has  oiloneeiod th e  a p p l i c a t i o n  o f  u l t r a s o u n d  to  modi c in e  
(Donald and Brown, I f  . l ) .  E n g in e e rs  f r o a  h is 'd e p - i - t .n e n t  of u l t r a s o n i c s  
tcchno lcgy  a r e  resr .< -r .s i l ie  f o r  the r a in te n a n c c  and developm ent of th e  c-quipnienl. 
V;hic’h we Lise f o r  cchocaj-d 1 opraphy- Because p a r t  o f  t h e i r  r e m i t  a s  e x p e r t s  i s  t; e 
e v a lu a t io n  of new and p io to 'g  rc: equipm ent, we have t l ie  oj-'portuni ly to  t ry -o u b  new 
u l t r a s o n i c  u n i t s  and re c o rd in g  system s b e fo re  they  become g e n e r a l l y  a v a . i la b le .
The a p p a ra tu s  which we use  I 'o u t in e ly  a i  p resen t;  : c tt.o h’sk o lJn u  20 u l t r a s o n o s c o p e ,  
i n t e r f a c e d  wi th  an  u l t r a v i o l e t  s t  r i p - c h a r t  r e c o rd e r  (iTo-neywell V ic-5 coieder),
Line 20 U l t r a s onoBoope 
T h is  a p p a ra t  us d ispluj '-s  echoes r d io g ra p h ic  i n f  or. n a t io n  i n  th e  '7i‘ ( a m p li tu d e  
modula tod )  o r  ' TP' ( t i r a e - p c s i t i c n )  modes.
A scait d i s p l s v
The A scan i s  used to  l o c a t e  i n l r a - c a r l i a o :  s t r u c t  urese Echo os a r e  uis^^.layed 
a s  v e rL ic a l  J l s p la c e m c n ts  ti-om a h o r i s  ont s i  a x i s  ( F i r .  1 ,1  ) * The a a p l i  tude  c f  th e  
echoes r e c e iv e d  from a  s t r u c t u r e  i s  a f / n o t i o n  c f  i t s  r e f l e c t i v i t y  and c f  i t s  
depth from th e  tr .a r jsducsr .  Thus, the u c ip lltudc  of th e  echoes  r u c e i v e l  from 
s t r u c t u r e s  c f  equa l  r e f l e c t i v i t y  b u t  a t  d ^ .f fe ren t  d e p th s ,  va  id. os. To c crop en s a te  
f o r  th e  dep th  couzpcnent a  c o n t r o l  vo3 lag e ,  the  t im e - v a r i e d  o r  s-vcpt g a in ,  i s  
a p p l i e d  to  th e  r e c e i v e r  a m p l i f i e r .  The c h a r a c t e r i s t i c s  c f  th e  voltogo; v a v e fc m  
a r e  sucli t h a t  a . . i p l i f l c r  g a in  i s  low ovca th e  f i r s t  few c e n t im è t r e s  u rd  i n c r e a s e s  
w ith  depth  from t; :e  t r a n s d u c e r .  F ig ,  1 ,2  shews the  e iT e c t  o f  v a ry in g  swept g a i n  
v.avfcfonu oi,'. the  tvnp litudc  c f  th .; o j ' t e r i o r  echoes i n  a  s t r i n g  c f  exponential]^ , ' 
decoying  echoes.
Time-JO s i  t i c n  ( l l ) d i c la y ,
B c i ic c a r i ic g ra p h ic  r e c o id s  a r e  made from the  t i m e - p o s i t  io n  d i s p la y .  The 
echoes a r e  d i s p la y e d  as  d o ts  a lo n g  an i i A ' i s i b le  hoi’i ; . o u t a l  t im c i 'a se .  A rearhcr 
g i l d  i s  produced by i n t e r . s i f j . i n g  th e  t im ebase  a t  1 ca. i n t e r v a l s  and s low ly
sweeping th e  t im ebase  upwards (P ig ,  l , j ) .  The A s c m  echoes a i e  a ,^p l ied  to  th e
c a t  ho'ie/4 , „
cathode ray  tu b e  to  the  ciir.ebase : v a ry in g  echo s t r e n g t h  i s  e x p :e ssc d
as  varjAng do t i n t e n s i t y  and racveiaent c f  th e  echoes w ith  tim e i s  d i s p la y e d  l.y 
slov.'ly sweeping th e  h o r i z o n t a l  iirr.ebase upwards. Echoes r e c o rd e d  from n.cving 
and s t a t i c  s t r u c t u r e s  u s in g  t l i i s  te c h n iq u e  a r e  shown izi F:ig, 1 ,4 .
Thio echoes cn th e  A scan v a ry  in  am p li tude  (F ig .  l , l )  : a m a jo r  d isa l r /a n ta g o
of the E sk o l in e  20 i s  t h a t  thwse s ig n a l s  a re  used c i j .n c t l j  to  i n t e n s i f y  th e  i iw p iay  
in  th e  TP mode. The d o ts  which they produce on the TP d is p la y  vaiy i n  le n g th  and 
th e re  i s  r e s u l t i r g  l o s s  c f  i n f  ormati on. dui more s o p h i s t i c a t e  d p r o c e s s i i g  sy sto-ms, 
f ix e d  am p li tu d e  s i g n a l s  a r e  g e n e ra te d  or d r ^ s c l u t i a n  i s  improved (F ig ,  l , p ) .
Reccrdiny sy s tem s .
I d e a l l y ,  only a  system  which can p ro v id e  a con ldnucus r e c o rd  o f  s ia l^ ip le  
echoes sh o u ld  be used f o r  echocardiogic-phy, Tne j 'o l low ing  c o n s id e r a t io n s  
e x p la in  why two of th e  t h r e e  r e c o rd in g  sj stems vhiicii vve have used  were b a s i c a l ly  
u n s a t i s f 3 c t  or y,
To o b ta in  a  v a l i d  echogram from an i n t r a - c a r d i a c  s t r u c t u r e ,  th e  I ’l c i l c n t  
u l t r a s o n i c  boom must s t r i k e  i t  a t  o r  n ea r  r i g h t  a n g le s .  This  req u ire m en t i s  
only f u l f i l l o d  z n te rm i t  t e n t l y  b eca u se  r e s p i r â t uiy ncvoment and mii.or a l t e r a t i o !  
i n  th e  a n g u la t io n  of th e  hand-heJe  t r a n s d u c e r  change the  d i r e c t i o n  of the  beam.
At any examina Lion some of the  re c o rd e d  ochccsii’d io g ra p h ic  compJoxcs a r e  t h e r c f  0 re  
i n v a l id  and  a number o f  complexes must be reco rd ed  b e f o r e  a c c u r a t e  measurement i s  
p o s s i b l e .  To use u l t r a s o u n d  to  m easure th e  d im ensions  c f  a c a r d j a c  chamber or to  
d isp la y  th e  a n a to m ic a l  r e l a t i o n s h i p s  between s t r u c t u r e s ,  m u l t i p l e  echoes must oe 
i ‘c corded.
1) P o la r o id  phot cgraphy.
The tdmio—p c s i t i o r i  d i s p la y  i s  re c o rd e d  d i r e c t l y  from the  f a c e  cf th e  
o s c i l lo s c o p e  Yvith a P o la r o id  comiei'u. î iA iltip le  echoes a r e  i -cc c rd e l  bu t th e  r tx 'c rd  
i s  no t c o n t in u o u s .  The method has  a iumber of d is a d v a n ta g e s .
Because each r e c o rd  com prises  a s in g l e  o s c i l lo s c o p e  sweep, a t  norm al h e a r t
r a t e s  no mere than  6 c o n s e c u t iv e  c a r d i a c  c y c le s  can be re c o rd e d  and the  tim e sperm 
i r / , , .
i n  o b ta in in g  v a l i d  c c io c a r d io ^ r a p h ic  i n r o r a u t i o n  can be c o n s id e r a b le .  Camera 
s e t t i n g s  r e q u i r e  to  be changed when th e  sv/eep s p e e l  i s  changed .and a le o  v/he-n 
e l e c t r o n i c  d r i f  a l t e r s  th e  t r a c e  b r i r h t n e s a .  A stigm atism  c f  th e  c a t h o i e  ray 
tube  produces  d i s t o r t i o n  o f  th e  m arker (F ig .  1 ,3 ) '  and of the  reco rd ed
v.aveforia. Thus, t h i s  method of re c o rd in g  was found to  be  tim e-ccnsuri 'ing , FurtVier, 
u s i i g  a t  t h e r e  v/as d j f f i c u l t y  :i.n making a c c u r a te  measurements and in  in  t e r - r e ]  a tiig_, 
echoes from d i f f e r e n t  i n t r a - c a r d i a c  s t r u c t u r e s .
2) An ,lt/gue g a te  \.iLh pap er  c h u r t  r e c o rd e r .
An ana logue  g a t e  was used to  i n t e r f a c e  th e  E s k c l in e  20 w ith  a  pcq.ier c / iu rt 
r e c o rd e r  (h ingogre .f  31b ) .  The g a t e  p roduces  a  00 s ig n a l  which d r iv e s  th e  c h a / t  
recc'jvicr. I t  i s  p o s i t i o n e d  on th e  A mode d i s p la y  so t h a t  i t  encompasses th e  
maxim an movement of th e  echo to  bo r e c o r i c i .  The v c l t a g e  of t h e  s i g n a l  from th e  
g a te  v a r i e s  w ith  the  movement of th e  echo w i th in  i t .
A lthough i t  p ro v id e s  a c o n t in u o u s  t n i c i n g ,  t h i s  system  has the s e r i o u s  
d isa d v a n ta g e  t i ia t  only one echo can  be reco rd ed .  F u r th e r ,  d i s t o r t e d  wavt.forms 
a r e  reco rd ed  i f  th e  ec>.o moves out of tlie g a t e ,  i f  a n o th e r  echo e n t e r s  i t  o r  i f  
echo d ro p -o u t  occu rs  (F ig .  1 ,6 ) .
Me have thus  found th e  method to  be u n s a t i s f a c t o r y  and have iicver used  i t  
cn a  r o u t i n e  b a s i s .
3) U l t r a v i o l e t  s t r i p - c h a r t  I’a c o rd e r ,
The deve]cpment of f i b r e - o p t i c  f a c e p l a t e s  has  made i t  p o s s i b l e  t o  o b ta in  an
in-fGCU'=' image on th e  o u ts id e  f a c e  of a ca thode  ray  tube .  The focused  image can be
tranefexT 'od to  u l t r a v i o l e t  s e n s i t i v e  p a p e r  p la c e d  i n  c o n ta c t  w ith  th e  o u t s id e  f a c e
o f  th e  t u ’ue and a  co n t in u e  us i-eccrd can be made by draw ing the  p a p e r  a c ro s s  th e
s u r f a c e  of th e  tube .  The Honeywell V i s i c o r d e r  and th e  h e d e le c  K scope a r e  two
commcroiaily a v a i l a b l e  recoi-ding system s which u t i l i s e  th e se  p r i n c i p l e s .  They a r e
i d e a l  f o r  echocardiography ' because  they can p ro v id e  a co n t in u o u s  r e c o rd  o f  m u l t ip l e
echoes. The p a p e r  w id th  and th e  sr>ot s i z e  of the  tu b e  were among ohe CGr:sidft'*utior.s
on which our d e c i s io n  to  use th e  Honeywell V i s i c o r d e r  was based .  I t  was i n t e r f a c e d  
w it  i / e . .
w ith  th e  E s k o l in e  20, The marker- system was m o d if ied  t o  p ro v id e  2 mai dOj /^kh m arkers 
a t  acc i r a t e ,  rn a iriS -re fe renced  i r t e i - v a i s  of 2 sec .  V id e o -b la n k in g  was used  durarg; 
th e  m arker w r i t e - o a t  to  en su re  t h a t  th e  m arkers were c l e a r l y  v i s i b l e  i n  a r e a s  of 
h igh  ech0- d e n s i t y ,
V/e ’nave useo t h i s  r e c o rd in g  system f o r  a y e a r ,  w ith  i t ,  n o t  on ly  has th e  
t im e  ren u ii 'o d  f o r  each exam ina tion  been c o n s id e ra b ly  reduced  b u t  echo i d e n t i f i e a l i c ;  
ana the  a c c u racy  of neasurcmentB have improved.
The r a t e  of p r o g r e s s  of echocard io g rap ’hy has  r e f l e c t e d  the  r a t e  c f  p r o g r e s s  
of i t s  t'"chno% cgy'. T hat cc l ,cca rd io g rap h y  i s  now in  a  p hase  of r a p id  development 
can be a s c r ib e d  i n  p a i ' t  to  th e  in t r e d a c t i .o n  of u l t r a v i o l e t  s t r i o - c l . a r k  reco rd in g  
system s. S i m i l a r l y ,  the  s e r io u s  d is a d v a n ta g e s  of p re v io u s  r e c o rd in g  system s 
undoubtc'-'J.y r e t a r d e d  tliO development of th e  method o ver  a number of y e a r s ,
No.v t h a t  i t  i s  p o s s i b l e  to  iunl:o c c n t in u c u s  rc c o id o  of d e t a i l e d  
eGxjccardioa'"aphie in fo rm a t io n ,  s i a r i d a r d i s a t i o n  of in s t r u r a e n ta t i c n  and of 
recordiii^ ' methods sho u ld  be ach ie v e d .
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/although ecbccardiogx 'aphj ' i s  b e in g  in c r e a s in g ly  a c c e p te d  a s  a  v a l i d  laet' od 
of c a r d i a c  i n v r c t i g a t i o n ,  in e t r a rn o n ta t io n  and r e c o rd in g  tccV.ni.iUes a r e  not y e t  
s t a n d a r d i s e d  ( J o y n e r ,  1972). Ho s ta n d  a c l  methods cL measurement from recoi-ded 
ec'iograms have been d o sc r ib o d  and th e  w i t h i n - s a b j e c t  v a r i a t i o n  of such 
mess j r e - le n t s  has  no t been  ass^^saea.
Ed] e r  ( 1961) was t t c  f i r s t  to  measure th e  d i a s t o l i c  c l  c-s ore rc.te cf  the  
m i t r a l  v a lv e  from the  a r t c a d o r  cusp  cchogi.xn ir . normal su b jc c l s c  P u b l i s h e d  
v a lu e s  f o r  th e  d i a s t o l i c  c lo s u r e  r a t e  o f  th e  noim'ul m i t r a l  v a lv e  vary (T ab le  l ) . 
T h is  v a r i a t i o n ,  which undoubtedly  r e f l e c t s  c i i f f t r e n c e c  in  methods o f  re c o rd i ry g  
may a l s o  i - e f l e c t  d i f f e r e n c e s  i n  methods of measurement.
There i s  g e n e r a l  agreement on th e  d i a s t o l i c  c lo s u r e  r a t s  c f  th e  rhca":?-tic 
m it m l  va lve :  th e  i n f  o r .aa tion  o b ta in e d  from thds  eeasureraent i s  c l i n i c a l l y
u s e fu l  and has  been  w e l l  s u b s t a n t i a l  eel ( P f f e r t  u t  1 1 ,  19%;  l c g ; j l ,  Li.t.off end 
K iras lo .v ,  196b; E i l e r ,  1967 ; w in te r s  e t  a l . , 1967'* I n  non - ih o u m atic  m i t r a l  
r e g u r g i t a t i o n  ( . l e g a l ,  l i k o f f  and K in g s le y ,  I967; S.veatman e t  a l , , 1972 ;
T a l lu r y ,  De Pasoual.c end Burch, 1972 ,;  H i lL u a rd ,  H o la u r in  and G ra ig o ,  1973) and 
i n  c o n g e s t iv e  ca rd iom yopat ly  (Z iady  e t  a l , ,  1973; Hril.lv/ard e t  a l » ,  1973;
Lay ton  e t  a l , , 1973) ,  th e  p u b l i s h e d  m i t r a l  v a lv e  d i a s t o l i c  c l o s u r e  r a t e s  a re  
q u i t e  w ide ly  d i s c r e p a n t .  U n t i l  a l l  e ch c ca i 'd icg rap h ic  r e c o rd s  ar.d tl;e methods 
o f  measurement from them a r e  ccm parab ie ,  s t u d i e s  of c l o s u r e  r a t e s  by d i f f c r e n t  
groups o f  w orkers  w i l l  co n t in u e  to  produce co n fu s in g  r e s u l t s .
The m i t i r i l  va lv  c d i a s t o l i c  c lo s u r e  r a t e ,  c o n s id e re d  in  c o n ju n c t io n  vd th  
o th e r  e c h o o a rd io g ra p h ic  and ha.emodynamic m easurem ents, may p r o v i l t  an index  cf  
l e f t  v e n t r i c u l a r  f i l l i n g  (L ayton  e t  a l . ,  1973). B efo re  t h i s  S u g g e s t ic n  can  be 
v a l i d a t e d ,  more p r e c i s e  and r e p ro d u c ib le  measurement of th e  ô i a s t o l i e  c lo s u r e  
r a t e  i s  nec c s s a r j  ,
Tills r e p o r t  d e s c r ib e s  ho’.v th e  f e r a  of th e  d i a s t o l i c  c lo s u r e  s lo p e  reco rd ed
from a  normal m i t r a l  v a lv e  can  v.ary. I t  i n d i c a t e s  to  what e x t e n t  t h i s  v a r i a t i o n  
a l t e r s / . . .
10,
F ilte rs  th e  d i a s t o l i c  c l o s u r e  r a t e  measui’ed from th e  s lo p e  ard  s u g g e s ts  e. s t a r  f a r d  
metnod c f  measurement.
S u b je c ts  and Methods
F o r t y - f i v e  normal s u b je c t s  a rd  one v/i th  lo n e  a t r i a l  f i b r i l l a t i o n  were s tu d ie d .
T h e i r  ages  ranged  from 15 to  30 (mean 2S) y e a r s  and 32 were fem a le .
The m i t r a l  a n t e r i o r  cusp echogiam was reco rd ed  w ith  th e  s u b j e c t s  sup ine  and
c a re  was ta k e n  to  re c o rd  th e  maximum am p litu d e  o f  m i t r a l  movcmont.
The a p p a r a tu s  used  was. an E s k o l in s  20 u l t r a s o n o sc o p e  (Smith K l in e  In s t ru m e n ts )  
w ith  o r  u n fo c u se i  t r a n s d u c e r .  I n  45 s u b j e c t s ,  r e c o rd s  wore made d i r e c t l y  f rc r :  the 
oscil3.c::aope w ith  a P o lo ro id  camera. I n  th e  l a t t e r  p a i ' t  of th e  s tu d y  an u l t r a v :  cd'-t 
s t r i p  c h a r t  reco r lo r  (Honeywell V is ic c i ' ’d e r)  was a v a i l a b l e  a r d  wi th i t  re c o rd s  were 
made i n  5 s u b je c t s  a t  cha i ' t  speeds cf 10 and 20 iir.i/sec and i n  one s u b j e c t ,  a t  speeds 
up to  100 mrr/scc, Cn t h e  P o la i 'o ld  r e c o rd s ,  v e r t i c . a l  m arkers  :i nd i c a  ting, one cm. of 
t i s s u e  dep th  were re c o rd e d  a t  i n t e r v a l s  of 0 ,5  see ,  and on th e  s t r i p  c h a r t  r e c o rd s ,  
0 ,2  cm, d ep th  p u rk e r s  were re c o rd e d  a t  i n t e r v a l s  of 2 sec .
On th e  s t r i p  c h a r t  re c o rd s  of each of 5 s u b j e c t : , Ihs i i a s t c l i c  c lo s u r e  r a t e  
was measured from m i t r a l  echograms i n  which th e  form cf  th e  d i a s t o l i c  c l c s < re  s lo p s  
v a r ie d ,  S e l e c t i o n  c r i t e r i a ,  which a l lo w ed  r e p ro d u c ib le  c lo s u r e  r a t e  m easurem ents, 
were e s t a b l i s h e d .  U sing only complexes whicli f u l f i l l e d  th e s e  c r i t e r i a ,  
w ith m n -su b jo c t  v a r i a t i o n  was a s s e s s e d  from c h a r t  r e c o rd in g s  i n  two normal s u b je c t s  
and one w ith  lo n e  a t r i a l  f i b r i l l a t i o n ,  w h ile  b e tw e e r - s u b jc c t  v a r i a t i o n  was 
i n v e s t i g a t e d  from th e  P o la r o i d  r e c o rd s  cf  45 normal s u b je c t s ,
ResLLlts
V a r ia t io n  in  d i a s t o l i c  c lo s u r e  s lo p e  a rd  measured d i a s t o l i c  c l o s u r e  r a t e .
The echograms in  F ig ,  2 ,1  were i*ecorded from th e  same s u b je c t  a t  a  s i n g l e  
exam ination . The a m p li tu d e ,  th e  form of th e  d i a s t o l i c  o lc s .u ’e s lo p e  and th e  
d i a s t o l i c  c l o s u r e  r a t e  m easured from th e  s lo p e  v a ry .  I n  re c o rd  (F ig ,  2 , l ) , 
th e  am p li tu d e  i s  maximal and d i a s t o l i c  c lo s u re  i s  monophasic, c, has a s in g le
component. I n  r e c o rd s  1 to  3 (F ig .  2,1  ) ,  th e  am p li tu d e  c f  a l l  complexes i s  
submaximsl and d i a s t o l i c  c lo s u r e  i s  b a s i c a l l y  I d p h a s j c ,  5, e, has two main 
co m p o n e n ts / . . .
components, the  f i r s t  of which i s  r e l a t i v e l y  s lew . The durat-j on o id  s p o o l  of 
each o f  th e  two components vary  : f o r  th e  second ccmponent, t h i s  i s  v /c ll
i l  J 1.131 va te d  in  re c o rd  3 (F ig ,  ? , l ) .
F ig ,  2 ,2 ,  re c o rd e d  from a n o th e r  s u b j e c t ,  a l s o  i l l a s t r a t c s  th e  v a r i a b i l i t y  
o f  th e  d i a s t o l i c  c l o s u r e  r a t e  measured from corrjilexos i n  which th e  form of th c  
d ir:.sic .lic  c lo s u r e  s lo p e  di.ffo i's .  Ccmp].e.xes 1, 1 ar.d B Sirc monophiasic and th e  
measured f r a s t o l t c  c l o s u r e  %'utce a r c  in  c lo s e  agrse.-i.ent,
A s t s n . l i i l  method of measureaent^ of t he di x s  by l i e cl c c u rc _r? to ,
Fro'i F ig s .  2 ,1  and 2 ,2  i t  c a r  be seen  th a t  .Ticasuremorit of tl\e d i a s t o l i c  c l  os a rc  
r a te  from a c lo s u r e  movement v;ith  a  s i n g l e  component i s  t e c h n i c a l l y  easy  an! p r/ 'v ide . 
r e p ro d u c ib le  r e s u l t s .  I t  i s  e v id e n t  th a t  when th e r e  i s  more then  one component, a
d e c i s io n  on whiclt of th e s e  to  measure must be  made. I f ,  f o r  a l'i].:hanio clo .sure
movement, i he i n i t i a l  component i s  chosen , th e  measured l i  o s t c l i c  c l o s u r e  r a t e  i s 
slov.g and i.f th e  seco rd  component i s  m easured, th e  d i a s t o l i c  c l o s u r e  r a t e  i s  f e s t .  
F u r th e r  a s  i s  i l  l u s t . r a tc d  in  F ig ,  2 ,1  r e c o rd  3 ,  a l th o u g h  measurement of th e  f a s t  
component v f  a b irdr-is ic  c lo s u re  movement may o f te n  p ro d u ce  a  d i a s t o l i c  c l o s u r e  r a t e  
comparable t o  t h a t  m easured from a mononh.asic one, more v a r i a t i o n  can o ccu r .
I t  i s  alw ays p o s s i b l e  to  re c o rd  a monoph.asic d i a s t o l i c  c lo s u r e  movement from 
a normal, m i t r a l  v a lv e ,  (F ig ,  2 ,3 )*  I n  F ig s .  2 ,1  and 2 ,2  th e  ccmplemes w ith  
mcncphosic movements have a  maxirn.al am p li tu d e .
I t  i s  concluded  i h a t  v/hen th e  am p li tude  of tlie r e co rd ed  echcgrsm i s  maximal,
d i a s t o l i c  c l o s u r e  o f  th e  normal m i t r a l  v a lv e  i s  always monophasie. I t  i s  th e n o fo re  
su g g es ted  t h a t  t o  s t a n d a r d i s e  r e s u l t s ,  measurement of th e  d i a s t o l i c  c l o s u r e  r a t e  of 
th e  n o m a l  v a lv e  shou ld  be made only  from m i t r a l  a n t e r i o r  cusp echograms i n  v.hich a 
s in g l e  component d i a s t o l i c  c l o s u r e  movement has  been ro co M ed .
To i .nv o s I i  g a t  9 ' vi t h i ,. -  sub j  e c t v a r i a t i o n  r f . t i c  d i a s t o l i c  cues .rre r a t e ,  c r ly  
echograms i n  which the  c l o s u r e  was mcnophasi c were s e l e c t e d  f o r  measurement. Tie
d i a s t o l i c  c lo s u r e  r a t e s  of a s e r i e s  of complexes were, m e a s a r e l  on s t r i p  c h a r t  roc  or.is 
f i x a i / , . .
12.
f ro a  each c f  3 s u b j e c t s ,  two norm als  and one w ith  lo n e  a t r i a l  f i  b r i l l a t i o n .
F o r t y - f i v e  complexe r. were measured i n  one s u b je c t  an d  th e  d i s t r i b u t i o n  o f  
th e  c l o s u r e  i-a tes  o b ta in e d  i s  shown i n  F ig .  2,4* The range  .is 130 to  210 m n/sec, 
t h e  mean 160 m n/sec. and  th e  s ta n d a rd  d e v i a t i o n  lA mm/scc. The cur^/o suycrimc'cs 
i s  th e  non.L/l d i s t r i b u t i o n  f o r  t h i s  mean and s ta n d a rd  d é v i a t io n .  The d a t a  a r e  a 
rood f i t  t o  a normal d i s t r i b u t i o n .  T h is  s u g g e s ts  t h a t  th e  v. i t h  in - s u b  j c c t  v a r i a  ai 
a r e  random and t h a t  no s y s te m a t ic  b i a s  has been i n t r o d u c e !  by th-.; s o l e c t i o r  c r i t e r i a .
K easu rcm rn ts  were mode from 15 complexes i n  the  o th e r  normal s u b je c t  .and from 
13 oornrdexcs i n  th e  p a t i e n t  w i th  lone  a t r i a l  f  i b r i l l a t i o n .  The means an i  s ta n d a rd  
d e v ia t io n s  f o r  tb<-.se two s e r i e s  c f  meusui-cments were 20] -  11 mm/sec and 200- 10 luw/sci 
r e s p e c t i v e l y  ; th e  s ta n d a rd  d e v i a t i o n s  a r c  conq^srable to  t h a t  of th e  s e r i e s  i n  
P ig . 2 ,4 .  I n  a t r i a l  f i b r i l l a t i o n ,  t h e r e f o r e ,  th e  v a ry in g  v e n t r i c u l a r  I 'a tc  does not 
• a f f e c t  th e  m i l r a l  d i a s t o l i c  c io s u r e  r a t e  : t h i s  can be  con f irm ed  by i n s p e c t i o n  c f
F ig ,  2 ,5 .  F ig ,  2 ,6  sho'ws t h a t  i n  r e s t i n g  normal s u b je c t s  in  s in u s  rhythju, th e  
d i a s t o l i c  c l o s u r e  r a t e  and. th e  h e a r t  r a t e  a r e  u n r e la te d .
The nom a] m i t r a l  d j . a s t o l i c  closi.;rc r a t e .
To i nvestiga 'Le be tw een-sub  j e ck v a r i a t i o n  only  echograms wi th  a m cncphasic 
d i a s t o l i c  closure-'movement were s e le c te d  and th e  d i a s t o l i c  c l o s u r e  r a t e  v/as 
measured from th e  P o la r o i d  r e c o id s  of 45 ncri.i.al s u b j e c t s .  At l e a s t  2, and up to  
6, complexes were measured i n  a l l  s u b je c t s  and a mean d i a s t o l i c  c l o s u r e  r a t e  v/as 
c a l c u l a t e d  f o r  each. The s ta n d a rd  d e v i a t io n s  were com parable t o  th o se  o b ta in e d  
from th e  3 s u b je c t s  i n  whom a l a r g e r  s c r i e s  o f  measurements v/as '•'•'ade, Tlie mean 
v a lu e s  f o r  th e  45 s u b j e c t s  a r e  shown i n  F ig .  2 ,7 .  The r a r g e  i s  123 to  234 imy'sec 
w ith  a  moan of 176 m e/sec . and a  s ta n d a rd  d e v ia t io n  o f  25 .mm/sec. 7/hen th e se  
r e s u l t s  a r e  compared w i th  th e s e  o b ta in e d  from m u l t ip l e  mocisurements in  a s in g le  
s u b je c t  (F ig ,  2 , 4 ) ,  i t  i s  e v id e n t  t h a t  t ’ne ranges  a re  com parab le .  However, th e  
v a lu e s  f r c n  Lhe group o f  2|.5 s u b j e c t s  a r e  more evenly  di s t r i b u t  eu th roug jiou t ti ie  
range and g iv e  a s tandar.1  d e v i a t i o n  o f  more thai*' tw ice  t l a t  o f  th e  ' / / i th in - s 'u b jc c t  
s tudy . The f in d in g s  s u g g e s t  t h a t  th e r e  i s  a  r e a l  b e tw e e n - su b jc c t  v a r i a t i o n  in  the 
nortnal m i t r a l  d i a s t o l i c  c l o s u r e  r a t e ,
D i o c u s s i c r / . . ,
J-y.
D iscussj on
The v a r i a t i o n  in  p u b l i s h e d  v a lu e s  f o r  th e  d i a s t e i i i -  c l c s u r e  r a t e  of th e  normal 
m it nul v a lv e  (T ab le  2 , l )  undoubted ly  r e f l e c t s  diflb-reiiCcS in  meliiods of r c c c r d i r g  : 
some of th e  v .orkers used  P o la r o i d  re c o rd s  of th e  o s c i l l o s c o p e  d i s p la y  and o th e r s ,  
emiîloyiîig an  ana logue  g a t e  sy s tem , re c o rd e d  a  s i n g l e  echo on an i r i :  o r  p h o to g ra p h ic  
r e c o rd e r .  Both th e s e  r e c o rd i  ng ir.ctl cds hays d i s a d v a n ta g e s  ( l o s s ,  1972; J oyim r ,  1972) 
and cchograaiS o b ta in e d  by them a r e  u n l ik e ly  to  be t e c h n i c a l l y  co'^Darabl^,
Tlie v a r i a t i o n  i n  p u b l i s h e d  normal v a lu e s  may a l s o  r e f l e c t  d i f f e r e n c e s  in  
methods of measurement : few of th e  a u th o r s  d e t a i l  t h e i r  method c f  r jeacurem enl,
none comments ci. th e  v a r i a b l e  form of the  re c o rd e d  d i a s t o l i c  c l o s u r e  movements and 
only one i n d i c a t e s  t h e  e x te n t  of th e  v a r i a t i o n  in  c a lc u la . t e d  d i a s u o l i c  c l o s u r e  I 'a te s  
from a s i n g l e  s u b je c t .  I n  echograms ir. which th e  c lo s u r e  n'ovcipent has two 
components, Rose, ( lp 7 2 )  m easures th e  s lo w er  f i r s t  component. O th e r  a u th o r s  
i l l u s t r a t e  d ia g r a m a t i c a l ly  th e  method of measurement when c l o s u r e  i s  monojliusic 
b u t  f a i l  to  d e s c r ib e  how th e  d i a s t o l i c  c l o s u r e  r a t e  was c a l c u l a t e d  from t h e i r  
a c t u a l  r e c o rd s  which a r e  o f te n  b ip h a s i c ,
S t r i p  c h a r t  r e c o rd s  a r e  a  m a jo r  advance. Because m u l t i p l e  echoes  and an 
u n l im ite d  number o f  ca i-d iac  c y c le s  can be reco rd ed ,  the  accuracy  of me a s  u:v men to 
made from th e  echograms can be i.mproved. From s tr ip ;  c h a r t  r e c o rd s  i t  h as  been 
concluded  f i r s t l y  t h a t  monophasic d i a s t o l i c  c lo s u r e  movements can  alvvays be re c c M e d  
from 3 . normal m i tr j : !  v a lv e  and seco n d ly  t h a t  when d l a s t o l i c  cl csiu 'c  i s  monophasic 
t h e  am p litu d e  of tV.e echogram i s  m.axiinal, w h ile  when c lo s u r e  i s  b ip n a s i c  th e  
am p li tu d e  i s  submaximal, The form c f  th e  re c o rd e d  c l o s u r e  movement i s  th u s  a 
f u n c t io n  of th e  o.mplitude of th e  echogram.
I t  i s  t e c h n i c j i l l y  easy to  measure the d i a s t o l i c  c l o s u r e  r a t e  from a monophasic
rec o rd  and t h i s  s tu d y  has  shov/n t h a t  the  r e s u l t s  a r c  ro r jro d u c i t  1 c. I t  i s  sugges ted
t h a t  t o  s tan d a rd ise -  measurement of the  d i a s t o l i c  c lo s u re  r a t e ,  measuremei-.ts should  be
made only  on echograms w it ':  a  mo nop'ha s i  c d i a s t o l i c  c l o s u r e  movement. These
echograms have a maximal a m p li tu d e .  Y.'ilde and P r i d i e  ( l 9 7 j )  d id  n e t  c o n s id e r  th e  
d i a s t o l i c / , . ,
d i a s t o l i c  c l o s u r e  s lo p e  o r  d i a s t o l i c  c l o s u r e  r a t e  b u t  s t a t e d  t l ia t  f o r  a 
r e p ro d u c ib le  m i t r a l  echogram th e  am p li tu d e  should be maximal. S e l e c t i o n  f o r  
measurement acco rd in g  to  th e  for.ii of tlie d i a s t o l i c  c l o s u r e  movement has  th e  
p ra .c tic ;a l  advan tage  t i v t t  s u i t a b l e  complexes can l-e i d e n t i f i e d  on p r e v io u s ly  
reco rd ed  t r a c e s .  I t  would o th e rw is e  be im p o ss ib le  to  d e c id e  w hich echograms on
th e se  t r a c e s  were o f  maximal am p litu d e ,
Although t h e  d i a s t o l i c  c l o s u r e  r a t e  sliould b(. measured on monopuopic reco i 'd s ,  
the  r e l a t i o n  between t h e s e  measurements a rd  ha erne dynamic event s i s  U i,ce r ta in .
Because th e  echograms th u s  s e l e c t e d  f o r  measurement have  a maximal ampli cuio ,
they a r c  t h e o r e t i c a l l y  l i k e l y  t o  d e r iv e  from the  f r e e  margin of th e  m i t r a l  a n t e r i  or 
cusp. I n  P ig .  2 ,3  s e v e r a l  echograms com prise b o th  incnophasic and b ip h a s i c  c ; losu rc  
movements : t h e  o r i g i n  of th e  moncphasic movement i s  alw ays a n t e  id. o r  to  t h a t  of tî;c 
b ip h a s i c  one, c o n s i s t e n t  w ith  i t s  d e r i v a t i o n  from th e  f r e e  edge of th e  l e a f l e t .  
I n s p e c t i o n  o f  P ig .  2 ,8 ,  from a s u b je c t  w ith  sy s tem ic  h y p e r te n s io n ,  a l s o  i l l u s t r a t e s  
how, p a r t i c u l a r l y  when u s in g  an  ana logue  g a te  sy s tem , th e  most a n to r i  or p o r t i o n  of 
t}io echogram may be  o m itte d .  I n  th e s e  c i rc u m s ta n c e s  a b i p h a s i c  e l  osure  movement 
o r i g i n a t i n g  beh ind  th e  f r e e  edge o f  th e  c u s p ,w i l l  be re c o rd e d .
t h i s  s ta n d a rd  method c f  measuremeiit, the  m i t r - . l  d i a s t o l i c  c lo s u re  
r a t e s  re c o rd e d  in  normal s u b je c t s  az'e h ig h e r  th a n  most of th o s e  p rev ious l .y  
p u b l i s h e d ,  L ay ton  e t  a l ,  (1573) used  an  ana logue  g a t e  system  and a t t r i b u t e d  th e  
slow c lo s u r e  r a t e s  which they  observed  to  tlie f a c t  t h a t  th e y  w ere r e c o m i r g  a t  c h a r t  
speeds of 100 mm/sec. Hcv/evei’, i n  t h i s  y. re s e n t  s tudy  r e c o rd s  were made in  a  normal 
s u b je c t  a t  speeds  up to  100 mrr/sec. (P ig .  2, 5) : i t  was found t h a t  w i th  the. p ro h e  
p o s i t i  oned t o  g iv e  a moncphasic c lo s u r e  noveuent a t  lew  sp eed s ,  an i n c r e a s e  i n  c h a r t  
speed i n t  reduced  no a d d i t i o n a l  coriiponents. T h e re fo re ,  m easurem ents of th e  d i a s t o l i c  
c lo s u re  r a t e  a t  d i f f e r e n t  recoi'di.ng speeds  g iv e  c o n s i s t e n t  r e s u l t s .
Althougli i t  has  been  p o s s i b l e  to  make z e p ro d u c ib le  r .e a s u re r c n ts  of thio 
d i a s t o l i c  c lo s u r e  r a t e  and th e  s ta n d a rd  d ev .ia t io n  of w i t b i n - s u h j e c t  leasuremez^ts
has been shown to  be a c c e p ta b ly  s m a l l ,  i t  i s  s t i l l  p o s s i b l e  t o  r e c o rd  v;idely  v a ry in g
c lo s u r e  r a t e s  from a s i n g l e  s u b je c t  (F ig .  2 ,4 ) .  To est;i ira te  t r  e d i  to  l i e  c lo s u r e  
r a t f / . . .
r a t e  a c c u r a t e l y  i t  it? th u s  e s s e n t i a l  to  raake measure-ncnts frc:n a  s e r i e s  of 
complexes. Because of 'che d is a d v a n ta g e s  of- e t h e r  r e c o i d i r g  m ethods, th e s e  
measurements a r e  b e s t  made on s t r i p  c h a r t  r e c o rd s .  Measurement of incnophasic 
c lo s u re  movements on s t r i p  c h a r t  r e c o rd s  should  p ro v id e  r e s u l t s  o f  s u f f i c i e n t  
accu racy  to  a l lo w  i n v e s t i g a t i o n  of tiie r e c e n t  s u g g e s t io n  t h a t  th e  m i t r a l  d i a s t o l i c  
c lo su i '’-; r a t e  can he used as  an  in d e x  of l e f t  v e n t r i c u l a r  f i l l i n g  (L ay ton  e t  a l . , 1973 )
oum’aari’
P u b l is h e d  v a lu e s  f o r  th e  d i a s t o l i c  c lo s u r e  r a t e  o f  th e  r o r n a l  m i t r a l  
v a lv e  var\ '  and r e f l e c t  d i f f e r e n c e s  in  methods c f  r e c o rd in g  and  measurement.
From s t r i p  c h a r t  r e c o rd s  i t  was concluded  t h a t  the  f o m  of th e  reco rd ed  
m i t r a l  d i a s t o l i c  c l o s u r e  s lo p s  car. v a ry ,  t h a t  r e p ro d u c ib le  measurements of th e  
c lo s u re  r a t e  can be made from echograms w i th  .monophasic c losu i-e  movements and 
t h a t  th e  am p li tu d e  o f  th e s e  echograms i s  maximal.
M easuring only  complexes w i th  monophasic c lo s u r e  movements, th e  w i th in  
and th e  b e tw e e n -su b je c t  v a r i a t i o n s  of th e  normal m i t r a l  d i a s t o l i c  c lo s u r e  
r a t e  were i n v e s t i g a t e d .  The ran g e s  o b ta in e d  from m u l t ip l e  measurements i n  
a  s in g le  s u b je c t  and from a group of 45 normal s u b je c t s  were com parable b u t  
th e  d i s t r i b u t i o n  o f  th e  r e s u l t s  d i f f e r e d .  I t  was conc luded  t h e t  t h e r e  i s  a r e a l  
b e tw e e n -su b je c t  v a r i a t i o n  in  th e  normal m i t r a l  d i a s t o l i c  c l o s u r e  i-ate and 
t i  a t  th e  d i a s t o l i c  c lo s u r e  r a t e  in  a  s in g le  s u b je c t  s'^ould be  d e te rm ined  by 
measurement o f  a s e r i e s  of com plexes.
The a c c u racy  o f  measurement o f  the  d i a s t o l i c  c lo s u r e  r a t e  c f  t h e  normal 
m i t r a l  v a lv e  has  been improved by u s in g  s t r i p ' c h a r t  r e c o rd s  and  by m easuring 
on ly  echograms w i th  a moncphasic d i a s t o l i c  c l o s u r e  movement.
<<io
li0)DCOOU E
-  ' E2  £  B
D 2
oCN {Q R CNO
O
<QC
LU
= )
COo
_ l
U
U
_ j
Ok—VO<
Û
oU_
CO
LUID—I
VO
_ J
COZ)Q .
<D
DCOJO
U
u
CO
o
<u .  
O ) u
K
I
0 )
o
o00
ooà
o o O O
o i n Os r—CN r— CN
6 56 1i nCO N Os o o o o CD O Osi n i n CN sO O COCN6 CD 6 1o 6 0 0CO 0 0 N N CN i n
“D
-
O
(/>
_ o  uJt oIT) COu-> lO  CN N  '— OsCO in
_ 0 )
" D
CO
sO
SO
O s > x
r— _ 0
CO
"O O )
c C
o
CO 'N -
-Q ) P “D
c O s C
o '— D
JO
* 0
o :
* o
o
1 j
c- 0
0 _
C km o
O )
o C 4 - 0
— > LU VO
N
N
_0 )
" D
0
i2
0
C
ROs
CO
O
UCO
0
CO
N
S .
o_ l
"O
c
o
c
o
1
o ^
J
VO
" D
c
o
o
E2
O
>s
_ 0
O
O
“O
c
o
E0_ C
c0
CO
0
g i
NOs
%
O
O
0
> s00O
N
o
0
c
o
■4—
o
csj
OQ<
Kr  - m i l  ‘fk y&A V
D iastolic Closure R ate mm  se c
(b)
S i  .
F I G .  2 ,1
Amplitude mm
29
26
26-29
33
N O R M A L  MITRAL VALVE.  AMPLITUDE,  CLOSURE 
SLOPE A N D  DIASTOLIC CLOSURE RATE VARY.
I" :
# 1f k Ü /^ L
f^ V
Diastolic Closure Rate m m jsec
56 85 160 70 90 làl 104 156
F I G .  2 , 2
DIASTOLIC CLOSURE IS M O N O P H A S I C  IN COMPLEXES 
1, 2 an d  8 A N D  BIPHASIC IN 3 ,  4 ,  6 an d  7 .
t
F I G .  2 , 3 DIASTOLIC CLOSURE IS M O N O P H A S I C
F I G .  2 , 5 L ONE ATRIAL FIBRILLATION
12i
10-
NumberofComplexes 6-
120 140 160 180 200 220
F I G .  2 , 4 Diastolic Closure Rate (mm/sec)
DIASTOLIC CLOSURE RATE 
-  WITHIN SUBJECT VARIA TION
DOR mm/sec. 
240
220^
200
180-
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120-1
F I G .  2 , 6  60  70 80  90  100 110
Heart Rate /mln.
DIASTOLIC CLOSURE RATE A N D  HEART 
RATE IN 45 N O R M A L  SUBJECTS
Number 
of 
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120 130 140 150 160 170 180 190 200 210 220 230
F I G .  2 , 7
Diastolic Ciosure Rate(mm/sec)
DIASTOLIC CLOSURE RATE -  BETWEEN SUBJECT VARIATION
F I G .  2 , 8  M O N O P H A S I C  CLOSURE M O V E M E N T S  O R IG IN A T E  IN
FRONT OF BIPHASIC O N E S
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f I G .  2 ,9  DIASTOLIC CLOSURE AT DIFFERENT CHART SPEEDS
TrlE : : I 7 TA"L D 1 \3 :(;L 13 CLOn'Jl?:: ?;...\.':'S :'TJ MYCCA.1DTAI,
The rletcrmit'-.aijtR of  t h e  d i R s t c l i r  olcRure r a t e  of t h e  ci i l iMl v a l v e  have 
i;ct b e e r  re ta b l iRhec l .  C a rd i a c  l e s i c r s  d i a r a c t c r i s t i . e a l ] y a s s  j r i a t e a  v i t h  
e i t h e r  n r  i r,creased, o r  a d e c re a se d  d in s  t e l  i f '  c l  os a re  r « t o  r a " o ,  h c v e v e r ,  beer, 
d e f in e d .
The m i t r a l  din s to l . i c  c l o s u r e  r a t e  i n e  n e s t i n r  i 'or  mal oub,iect  i.c 
u n r e l a t e d  t o  h e a r t  r a t e  (Ch.ap, 2 ) ,  I n  h y p e r t r o p h i c  o b s t r u c t i v e  cai-.’j.cmyop'ithy. 
th e  l e f t  v e n t r i c l e  i s  r e s i s t a n t  t o  f i l l i n o  arr^ t h e  m i t r a l  d i a s t o l i c  c l o s u r e  r a t t  
i s  reduced (Pcpe and Ha rid. son,  I J ^ l ) ,  I r  nun-rheum at ic  m i t r a l  i ' - in^ y i t a t ion ,  an 
i n c r e a s e d  volume of b lo o d  i s  d e l i v e r e d  t o  t h e  l e f t  v e n t ' i d e  ureex' an'  i r c r e a s e d  
l e f t  atria.3. p r e s s u r e  and the  m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  i s  incr" ' . \S 'd (Son-:.., 
I J-bof f  ar . l  Hirgsle . ;  , 1965),  I’h e s e  e s t a b l i s h e d  a o s c c i s  t i e r s  sup r e s t  a r e l a t i o n
l.ctvveen f. e m i t r a l  c i e . s t o l i c  d e s i r e  r a t e  and l e f t  ven t r lco . . la r  f i l l i n g .
L o f t  v c e t r i c u l a r  r o l l i n g  p r e s s u r e  has been  shour. to  be o c r . s i e r c n l l ^  
e l e v a t e d  i n  p a t i e n t s  v/ i th a c u t e  m ycca rd ia l  i i  f u r c t i o n  \/ho hevc  d e e r  c l i n i c a l  
ev i lerx-e of  l e ^ t  I’en'hriculi-.r f a d  u r e  (V/clk, S c h e l d t ,  and Kid l i p ,  13 72; '
Sci. o i l t  e t  " 1 . ,  1973)•
The b a - i c  aim r f  t h i s  c l i n i c a l  ctudp" -.■as t o  measure th e  m i t r a l  'di a s r c ]  i - 
c lo s u r e  j-ate i n  t h e  same s u b j e c t s  i n  bo th  t h e  a c u t e  and th e  ccrvu? o -ce: t  
phases  'p c c a r d i a l  i n f a r c t i o n  and th u s  to  i i v e s t i m a t e  th e  r e 3 s t i c r  bet ' ' sc - ,  th e 
l e f t  v - r t r l c . ü u ' r  f  11"^in._ p r e s s u r e  and t h ;  d i a s t c l i . c  .-'d.osure r a t e .
P a t i e r ' ^ s
^ '" i t ral  c eh cm rams mere r e c o rd e d  -. ' ithi n 41 ho.irs  c f  m'/ccardi d  I n f a r c t i o n  
i u  33 u n o d c c t e d  p ' l t i e r t s  a  lab. : t e l  to a cc rc :  a:v' cs re  u n i t . Technic  dl^.  
s a t i s  f.act op- record::  uc re c b t a i  rod in  41 a.- d j id^ th c r  o p a t i e n t s  i red ...del
i r  th e  s tudy .  T h r i r  ages run'-cd from 35 to  SO (a- an 56) ^;ears: 30. ae re  .Trios,
A l l  t h e  p a t i e n t s  had r a i s e d  serum 5&T and LDH l e v e l s ;  36 had 0 vv.av: ev idence
f r / ^ • • •
of  i r f a r c t i o n ’and 4 sho’.vei s e q u e n t i a l  ST-T changes  only .  Tho i n f  . trot was 
a n t e r i o r  i n  22 an;l i n f e r i o r  i n  18 c a s e s ,
•Six p a t i e n t s  d i e d  i n  h o s p i t a l  and t'vo d i e d  w i t h i n  a week c f  t h e i r  
d i s c h a rg e .  Thus th e  h o s p i t a l  m o r t a l i t y  f o r  ' the group was YJ^o w h i le  the  
m o r t a l i t y  a t  one month was 2CÇv, Post-rnoi ' ten  exam ina t ion  was c a r r i e d  cu t  
i n  5 c a s e s .
Of th e  26 p a t i e n t s  a v a i l a b l e ,  24 w i th  t e c h n i c a l l y  v a l i d  e.cd.cgroms 
were i n c l u d e d  i n  the  fo l lo w -u p  s tu d y .  I n  17,  th e  t i n e  from i n f  a r e t  i on t o  
fo3low-up was be tween 5 and 8 weeks; the  l o n g e s t  i n t e r v a l  b e f o r e  fel low-up;  
exam ina t ion  was 7 months,
Met’nqds
The a p p a r a t u s  used  was an 'R akc l ine 20 u l t r a so rc sccp^c  w i th  a r  unfocused  
t r a n s d u c e r .  The t r a n s d u c e r  was p c s i t i c r . e i  and ang led  to  r e c o r d  t ^ e  m i t r a l  
a n t e r i o r  cusp echogram, P o l a r o i d  r e c o r d s  c f  the  TP s can  were made from th e  
f a c e  c f  t h e  o s c i l l o s c o p e .
I n  t h e  a c u t e  p h a s e ,  u l t r a s o n i c  exam ina t ion  was c a r r i e d  out  wich t h e  
p a t i e n t s  i n  bed,  ' A t  the  same t im e ,  they  were examined c l i n i c a l l y  w i th  
p a r t i c u l a r  re ference ,  t o  ev idence  cf  l e f t  h e a r t  f a i l u r e  and m i t r a l  
i n s u f f i c i o n c y , Ches t  x - r a y s ,  w i th  t h e  p a t i e n t s  s e a t e d  e r e c t ,  were, taken 
a s  n ea r  a s  was f e a s i b l e  t o  th e  t im e  c f  the  ' . i l t ra son ic  and c3 i n i c . a l  cbs-Ci-*v-:tici.s. 
Echccarl icgru.phy was r e p e a t e d  i n  12 p a t i e n t s  d u r ing  t h e  a c u t e  phase  of t h e i r  
i l l n e s s ,
T’-e fo l lo .v -up  . s t u i y  was under taken  on an o u t - p a t i e n t  b a s i s .  The p a t i e n t s  
were r e s t e d  f o r  10 m inu tes  p r i o r  t o  echoca rd iography .  All  were examinei  
c l i n i c a l l y  and 11 had c h e s t  x-ray.c.
The c . a r d io - th o r a c i  c r a t i o  was .measured on t h e  c h e r t  x - r ? y s .  Prominence  
of  th e  upper  lo b e  v e i n s  i n  th e  e r e c t  p o s i t i o n  was t h e  minimum req u i re m en t  f o r  
t h e  r a d i o g r a p h i c  d i a g n o s i s  of I f  f t  h e a r t  f a i l ’ure.  F o r  the p u r p o s e s  of  t h i s  s tu 3 y ,  
l e f t  h e a r t  f a i l u r e  i n  the  a c u t e  p h a s e ,  was judged t o  be  p r r s p r t  o r  a b s e n t  on
r a d i o g r a p h i c  grounds .  The r a d i o g r a p h i c  and c l i n i c a l  a s s e s s m e n t s  were i n  accord  
i n  33 inst . 'unces: 2 p a t i e n t s  with; d o u b t f u l  c l i n i c a l  l e f t  v e n t r i c u l a r  f a i l u r e
h a d / , ,
hed noi.Tnai c h e s t  .x-rays ar/i  were a s s i g n e t  to  th e  group  i n  which 3e f t  
ven t  rue a l a r  f a i l u r e  was a b s e n t ,  / t  fo31cv/-up, sypptcms,  c l i n i c a l  exam ina t ion  
and t h e  eh e s t  x - r a y  when ava i lah j lo  were used to  e v a l u a t e  t h e  i n t e g r i t y  of she 
l e f t  V en t  ï.-i c l e .
On''y m i t r a l  echograms v.dth inoncyhasic d i a s t o l i c  c l o s u r e  movements were 
s e l e c t e d  f o r  measurement of  the  d i a s t o l i c  c l o s u r e  r a t e  (Chap, 2 ) ,  hiore than  
one complex vas measured  i n  25 a c u t e  and 14 co n v a le s c e n t  a i t i e n t s ,  f c r  each 
of whom a  mean d i a s t o l i c  c l o s u r e  r a t e  was c a l c u l a t e d ,  lion a p a t i e n t  was 
exsiiiinod on more thi \n one occa s ion  i n  th e  a c u t e  p h as e ,  t h e  d i a s t o l i c  c l o s u r e  
r a t e  r e c c r i e d  n e a r e s t  t o  t h e  t im e  of c h e s t  x - r a y  waS chosen f o r  a n a l y s i s ,
Coniyarisonc were nude between the  m i t r a l  d i a s t o l i c  c l o s u r e  r a t e s  i n  the 
a c u t e  and fc31cvv-up groups .  The d i a s t o l i c  c l o s u r e  r a t e s  i n  bo th  t h e s e  g rccps  
were compared w i th  t h o s e  from a  s e r i e s  of normal s u b j e c t s :  mean 1?6 mm/sec. ,
•stanio.x'd d e v i a t i o n  29 la r /oec .  (Chap, 2) ,
S t a t i s t i c a l  a n a l y s i s  was by S t u d e n t ' s  ' f  t e s t s  f o r  t h e  s i g n i f i c a n c e  of  
d i f f e r e n c e s  b e t u e e r  moans and betv/een p a i r e d  c b s e iw a t io n s ,
I c c vêlt s
The ' i t r a l  d i a s t o l i c  c l o c u - e  r a t e s  i n  the  a c u t e  phase  a r e  shc.vn i n  
P ig .  3,1 ou.à a t  fo l lov;-up  i n  ‘^ ig .  3 ,2 .  The c l o s u r e  r a t e s  p l o t t e d  on t h e s e  
g raphs  have boon e x p re s s e d  t o  tho  n e a r e s t  5 mm/sec. b u t  p r e c i s e  v a l u e s  were 
used  t o  calcajxa.te t h e  means and s t a n d a r d  d e v i a t i o n s .  The s t a t i s t i c a l  
s i g n i f i c a n c e  of  the  d i f f e r e n c e s  be tween t h e  d i a s t o l i c  c l o s u r e  r a t e s  i n  t h e  
i n f a r r i  p a t i e n t s  aril normal s u b j e c t s  i s  shown i n  Table  3 ,1 .  Tabic  3 ,2  
t a b u l a t e s  t h ;  s ign i j ' ' i cance  o f  th e  d i f f e r e n c e s  between p a t i e n t  sub-^^rouys.
I ,  Acute chase
A l l  v.ctior>'4
The m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  f o r  th e  gx'cup was 214 -  69 mm/sec. 
T h i s  was s i g n i f i c a n t l y  h i g h e r  (P< .3 ,O lp )  than nczMial,
L e f t  v e n t r i c u l a r  f ^ i luro_ p r : s en t  
Tho m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  ranged from od to  377 :mr/sec. I n  3.3
c3a s e s / . , .
cases  i t  was above t h e  normal range  a n i  i n  4 ,  mlth.ough w i t h i n  t ’ie range  
of  normal o b e e r v a t i c n s ,  i t  v/as ISO above t h e i r  mean. The d i a a t c l i c  
c l o s u r e  r a t e  was no m a l  i n  3 i n s t a n c e s ,  b>-ISD below the  normal mean i n  one 
and abnormally  low (30 r.m”- /sec)  i n  a p a t i e n t  v/i th rh^ura i t i c  m i t r a l  v a l v e  d i s e a s e .  
The d i f f é r e n c e s  between th e  m i t r a l  d i a s t o l i c  c l o s u r e  r a t e s  cf  t h e s e  
p a t i e n t s  and b o th  normal, s u b j e c t s  (IKZ0.001 ) and a c u t e  i n f a r c t  p a t i e n t s  w i thou t  
r a d i o g r a p h ic  l e f t  v e n t r i c u l a r  f a i l u r e  (p-^i.0,OOl), were h ig h l y  s i g n i f i c a n t .
L e f t  yer . t r i c u l a r  _ f a i lux ' e ab s ent  
The mil re 1 d i a s t o l i c  c l o s u r e  rai :e I’-unred from 123 t o  213 rr.m/?ec. Vdiile 
i n  13 c a s e s ,  t h e  c l o s u r e  r a t e  was w i t h i n  the  range  of n o r r a a l  observa  c ions ,  i n  
one i t  was 13D above t h e i r  mean. An abnormally  lew d i a s t o l i c  c l o s u r e  r a t e  
( l2 3  m r /sec )  was r e c o r d e d  i n  one p a t i e n t .
The m i t i ' a l  d i a s t o l i c  c l o s u r e  rat«^s of t h e s e  p a t i e n t s  d id  not  d i f f e r  
s i g n i f i c a n t l y  from normal (Pu^O.lO).
I I .  Fol low -up
A l l  p a t i e n t s
The mi t i -a l  v i l a s t o l i c  c l o s u r e  r a t e  was 186 -  63 m r / s e c .  Th is  d i d  m b  
d i f f e r  s i g n i f i c a n t l y  from nozTial (Pc>0. I f ) .
L e f t  v e n t riCLÛ.a r  f a i l u r e  o r e s e n t .
The m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  ranged from 133 to  363 m'V^sec. I t  v.as 
i n c r e a s e d  i n  3 i n s t a n c e s ,  w i t l i i n  t i ie r.oimul range  bu tb> lS3  above i t s  mean i n  one a: 
normal i n  tv;c.
These v a l u e s  d id  not  d i f f e r  s i g n i f i c a n t l y  from t h e s e  observed  i n  no'-mals 
( lbd.3. lO) and i n  c o n v a l e s c e n t  i r f a r c t  p a t i e n t s  w i thou t  l e f t  v e r t r : ’culai-  f a i l u r e  
( P ^ O . I O ) .
Lef t  y c i . t r i c a l a r  f a i l u r e  o b s e r t .
T>ie m i t r a l  d i a s t o l i c  c l o s u r e  r " t e  rar^ge^ from to  273 mm/sec, " l- . i le  i n  
13 cases  t h e  c l c s s - e  r o t e  was ' - i t b i n  the range  of n c i n i l  obse roa t icns . ,  i n  2 
i t  was’c>lS3 above t h e i r  mean. I n c r e a s e d  c l o s u r e  r a t e s  were obsen /ed  i n  2 p a t i e n t s  
and lew v a l u e s  were r eco rd ed  i n  3,  i n c l u d i n g  the  p a t i e n t  w i th  xLeuwatic niitrs.1 
v a l v e / . , .
va lve  d*’.seasc.
T here  was no s ign  i f  i can t  d i f f e r e n c e  between th e  m i t r a l  H a s t  d i e  c l o s u r e  
r a t e s  of  th o s e  p a t i e n t s  and th o s e  c f  normal  s u b j e c t s  i c ) ,
Comparj.son of th e  r e s u l t s  in  the  a c u t e  phase  and a t  f o l l o w - u p
The d i a s t o l n c  c l o s u r e  r a t e s  r e c o rd e d  from t h e  i+3 p a t i e n t s  with  a c u t e  
myocard ia l  i r f a r c t  io n  and fi'om the 24 c o n v a l e s c e n t  p a t i e n t s  (Groups 1 a n i  4>
Table 3,1 ) .fid not  d i f f e r  s i g n i f i c a n t l y  ( P d C . l O ) .
24 p a t i e n t s  v/ei'o exainined i n  b o th  t h e  a c u t e  and c o n v a le s c e n t  p h a s e s ;  
tho  r e s u l t s  a r e  e x p re s s e d  g r a p h i c a l l y  i n  F ig ,  3,3® '.ft.e-: E t u d e r t '  s ‘ t* t e s t
f o r  p a i r e d  o b s e r v a t i o n s  was a p p l i e d  to  'chese d a t a ,  t h e  di f f é r e n c e s  '.vorc. no t  
s i g n i f i c a n t  (P^'^-'!'.lO),
C a rd i a c  decompensation  was a b s e n t  i n  both  th e  a c u t e  and c o n v a l e s c e n t  
phases  :'n 10 p a t i e n t s ,  :i ri 9 of  wliom t h e  c l o s u r e  r a t e  a t  foilcv, '-up e s s e n t i a l l y
unchanged o r  had f a l l e n .  I n  one p a t i e n t  who had deve loped  an  a p i c a l  s y s t o l i c  
murmur i n  t h e  i n t e r i m ,  the  d i a s t o l i c  c l o s u r e  r a t e  r o s e  from I 67 m^/sec to  
273 ms/sue,  a t  f o l l o w -u p .  The c l o s u r e  r a t e s  a t  the tv;o exam ina t ions  i n  tl ' .is 
group d i d  not  d i f f e r  s i g n i f i c a n t l y  ( p f > 0 . l l ) .
L e f t  v e n t r i c e l a r  f . i i l u r e  war o re  s e n t  In I 4 p a t i e n t s  :. r  t h e  .acute phase
and p e r s i s t e d  a t  fo l lc ' .v-up i n  6, I n  t h e s e  6,  the  d i a s t o l i c  c l c s . a re  r a t e s  a t
t h e  two cxaLiir.atior.3 were not  s i g r i f  i c a n t l y  d i f f  c r o r t  (P i>0 ,  lO) d e s p i t e  
s u b s t a n t i a l  s lowing  in two c a s e s  I . e .  from 230 to 130 : r r / s e c  and from 290 to  
173 viiTi/sec,
I r  t h e  8 p a t i e n t s  i r  whom l o f t  v e n t r i c u l a r  f a i l u r e  r»^solved b e f o r e  f o l l o w -  ;p, 
th e  d i a s t o l i c  clor.ui-e r a t e  f e l l  i n  3 c a s e s  and was u rchurged  i n  two, one of whom 
was t h e  p a t i e n t  w i th  rheum at ic  m i t r a l  v a lv e  d i s e a s e :  tl.o c l o s u r e  re.to i n c r e a s e d
i n  only ore  in .s tance .  The d i f f e r e n c e s  b e tw e r r  t h e  p a i r e d  0100.1%',.-.t i e n s  . /ere 
g r e a t e s t  ir. t h i s  group b u t  j u s t  f a i l e d  t o  reach s t a t i s t i c a l  s i g n i r i c a n c c  (P<4". ICy
Pa pi 11a r. ' muscl e i n f  a r c  t i  on 
Acute ph ase
A s y s t o l i c  muinur a t  o r  i n t e r n a l  tc  t h e  c c r i i a c  apex was he.ari i n  9 pat ie . - . t s
'i  t } / . . .
vd lb a c u t e  i ry c c a rd ia l  i n f a r c t i o n .  One was known to have rbcum31 : r  mitz-al v H v e  
d i s e a s e .  Pos t-mortem exam ina t ion  conf i rm ed  th e  c l i n i c a l  d i a g n o s i s  of r jp tu r r .  
of  th e  i n t e r - v e n t  r i  c u l a r  septum in  two p a t i e n t s  with  a î ; b e r c - 3o p t a l  i n f a r c t i o n .
I r  one o f  t h e s e  p a t i e n t s ,  i n  a d - i l t i o n  t c  th e  v e n t r i c u l . a r  s e p t a ]  d sT ec t ,  t h e r e  
v/es m ic roscop ic  e\ i  ieaice of  e a r ly  in f a z ’c t i o n  of  the hege  c f  t h e  a n t e r i o r  
papillar-y-  muscle.  I n  t h e  o t h e r ,  echocar ' l iography  dem ons t ra tcd  a p e r i c a r d i a l  
e f f u s i o n  (F ig .  3 , 6 ) :  a mcdez'ate q u a n t i t y  of s e r o - s a r g u i r o u s  p e z i c a r d i a l  ■fluid
was p r e s e n t  a t  pos t-mortem.
The remaining 6 p.;-.tients 'vvith murrauz's su iv iv e d :  c l i n i c a l l y , a c u t e
p a p i l l a r y  muscle i n s u f f i c i e n c y  was though t  t c  he p ro b a b le  i n  3 c a s e s  and to  Ve 
almost; c e r t a i n  i n  3 o t h e r s .  F ig .  3 , 7  i s  t h e  echocardiogram from a p a t i e n . t  
with c l a s s i c a l  c ? . in i c a l  ev idcnce  of p s .p i l l a ry  muscle  d y s fu n c t i o n .
Two p a t i e n t s  i n  whom no murmur was h e a rd  were found t o  have p a p i l l a r y  
muscle in f a i - c t i o n  a t  post-mor tem. One had e x t e n s i v e  r e c e n t  i n f a r c t i o n  of th e  
f i e e  w a l l  of t h e  l e f t  v e n t r i c l e  and c f  b o th  p a p i l l a r y '  muscles w hile  the  o t h e r  
had r e c e n t  and p r e v i o u s  p o s t e r i o r  p a p i l l a i y  muscle i r T o r c t i c n ,
There were t h u s  8 p a t i e n t s  iz\ whom a d i a g n o s i s  of p a p i l l a r y  muscle 
i n f a r c t i o n  was made o t  au topsy  a n d / o r  on c l i n i c a l  exam ina t ion .  The d i a s t o l i c  
c l o s u r e  ra ' tc s  f o r ' t i w s e  p a t i e n t s  have  born p l o t t e d  i n  F ig ,  3 ,1 .  They' o re  
evenly d i s t r i b u t e d  and do not di f  f  e r  s i g n i f i c a n t l y  i'rcm th e  rem ainder  of the 
group (P ’.^O.IO),  V/hen t h e s e  3 c a s e s  a r e  omcludel  (T ab le s  3 ,3  and 3 , ’+),  tho 
c l o s u r e  r a t e s  of a c u t e  i n f a r c t s  v / i th  l e f t  v e n t r i c u l a r  f a i l u r e  re-vain s i g n i f i c a n t l y  
h i  ch e r  th a n  th o s e  of  n o rn z l  s u ,  j c c t s  ( P ^ O ,  Oil)  an I t h o s e  of a c u t e  i nf a r c t c  withou' : 
f a i l u r e  ( P ^ O , O i l ) ,
F o l low -  ir
At fo l low-up,  8^ ' i c a l  murmurs p e r s i s t e d  i n  4  pa t lcnbr .  nnd had developed  i n
3 e t h e r s .  On cl" n i c a l  gro>u:ds, p a p i l l a r y '  -mus'-le i n s u f f i c i e r c y '  was a p o s s i b i l i t y
in  each.  The H a s t  d i e  clcs.w-e r a t e s  have b e e r  p l o t t e d  i r  F i r .  3 ,2 :  they  a re
f a i r l y  evenly d i s t r i b u t e d  and do not d i f f e r  s i g n i f i c a n t l y  from the remainder
of t'ne group (p-dil ,  10) .  E x c lu s io n  c f  r.-iese c a s e s  decs ro t  a l t e r  th e
s i . g n i f i c a n c e  of the  d i f f e r e n c e s  be two or the  c l  csuz-e r a t e s  cf th e  p a t i e n t s  and 
t h o s e / . . .
t h e s e  c f  rx'rmal s u b j e c t s  or  betv/eei. che c l o s u r e  r u l e s  of p a t i e n t  sub-groups  
(Tab les  3 ,3  and 3 , 4 ) .
S e r i o 1 m eas ur er.ie n t  s
h i t r a l  echograms were reccI'ded i n  12 p i a t i e n t s  on more th a n  one o cca s io n  
during, t h e i r  a c u t e  i l l n e s s :  t}.e d i a s t o l i c  c l o s u r e  r-i.tes have been chcU'ted
(F ie .  : , 4 ) .
P a t i e n t s  1 to  4 had no c l i n i c a l  o r  r a d i o g r a p h i c  ev idence  of  l e f t  h e a r t  
f a i l u r e *  F ig ,  3 ,3  i a  u r e p r e s e n t a t i v e  echogram from p a t i e n t  3. P a t i e n t s
5 to  12 had c l i n i c a l  ev idence  of  l e f t  v e n t r i c u l a r  f a i l u r e  a t  the  t ime of 
each ul. t ' -asf  n.lc eruzminutic n: c h e s t  x - r u y s  to  conf  1 ra the c l i n i c a l  assessm en t  
were n e t ,  however,  t aken  on every  o c c a s i c n  (F ig .  3 , 4 ) .  F i g .  3 ,7  i s  the
s e u l e  p hase  echogram from p a t i e n t  3 wizo had typicu].  c l i n i c a l  s i g n s  of p a p i l ] a i y  
muscle ciysfuncticrj .  At f c l l c .v -u p  the  i n t e n s i t y  of  t h e  m.urm-ur had d im in i s h e d  
and t h e r e  v.us no l e f t  h e a r t  f a i l u r e .  P a t i e n t  10 had no murmur b u t  had 
p o s t e r i o r  pap i l l a zy  muscle i n f a r c t i o n  a t  pos t-mortem.  P a t i e n t s  8, 9 oni  12 
a l s o  d i e d  bu t  post-mcrte.m e xam ina t ion  was not c a r r i e d  c u t .
The d j a s c c l i c  c l o s u r e r a t e  and p r ogncs i s
The mean d i a s t o l i c  c l o s u r e  r a t e  f o r  the  p a t i e n t s  who d ied was 273 ms/sec  
and war s i g n i f i c a n t l y  hip.her  t h a n  t h e  mean va lue  f o r  a l l  o t h e r  acu te  p hase  
i n f a r c t s  (P<_3, O l ) , The th ro e  f  a s t e s t  c l o s u r e  r a t e s  r e c o rd e d  in  the s e r i e s  
woi'e frcra t i e n t s  who d i d  r o t  s u r v i v e .  F u r t h e r ,  c f  '.he 8 p a t i e n t s  v.ho d ie d ,
6 had d i a s t o l i c  c l o s u r e  r a t e s  above 235 rur/sec.
D is c u s s io n
The n o r  s a l  v a l u e s  a g a i n s t  which th e  r rd t r a l  d d a c t o l i c  c l o s u r e  r o t e s  i n  t h i s  
s tudy  wcwe a s s e s s e d  a r e  highez’ tha n  most of t h o s e  p 1 1  ir.h c . Tl i s  r e f l e c t r  
d i f f e r e n c e s  i n  /letlzods of rocoiÜTi,- and measurement (Ohap, 2) .  F oca use c a r e  waf 
ta ken  v/i th the  s e l e c t i o n  o*'’ comple.or-s f o r  ea su rcm en t , th e  acc u racy  of th e  
d i a s t o l i c  c l o s u r e  r a t e s  f c r  the  i n f a r c t  p a t i e n t s  i s  a c c e p t a b l e ,  b u t  would have 
beer, i  "proved had a s. t r i p - c h a r t  r e c c r i e r b c c n  u c e l .
A c h e s t  x-r-g- t a k e n  vi th t l  e p a t i e n t  s e a t e d  e r e c t  i s  super:! o r  to  cl  i  ni  ca l  
examinâtion/.,.
Cm ^  ^
exami.n iki.on i n  t h e  d e t e c t i o n  of e a r l y  l e f t  h e a r t  f a i l u r e  c c ^ ' y l i r a t l n ^  acut'--
my oca r  11 a l  i n f a r c t i o n  ( C h a i l  e t  a l ,  1572), I n  the  a c u t e  phase  of t h i s
i n v e s t i g a t i o n ,  c c r i i a c  decrm penca t ion  ,vas t h e r e f o r e  d iagnosed  on t h e  b a s i s
of th e  r a d i o g r a p h ' c f i n d i n g s .
h i ] l i p  and h i s  ce -v /crkers  h i v e  found t h e  l e f t  v e n t r i c u l a r  o : / - d i a s t o l l ^ '
p ressure '  to  he coned s t e r d l y  e l e v a t e d  when l e f t  h e a r t  f a i l  une,  even  c f  e’- ' ld
degree ,  c c m p r ic a t c s  a c u t e  myocai d i a l  i n f a r c t i o n  ('.Volk e t  a l . , 1972; S c h e l d t
e t  a l . , 1'"'73). Tneiz* c r i t e r i a  f o r  the  r e c o g n i t i o n  of mi ld  l e f t  h e a r t  f a i l u r e ,
"r-'-les th ough t  t c  be of c?.rdiac o r i g i n  even- an a r e a  c f  l e s s  th a n  h e l f  of
b o th  lung  f i e l d s ” , were l e s s  r i g o r o u s  nhan th e s e  -d o p te d  i n  th e  p r e s e n t  s tudy .
Thus, i t  i s  .-eas: Wible t o  assume t h a t  the  l e f t  v e n t r i c u l a r  e n d - d i a s t o l i c
p r e s s u r e  was e l e v a t e d  i n  t h e  o a t :  e n t s  Judged h e r e  t o  be i n  l e f t  '*ea'*t f a i l u r e .
The r e s u l t s  i n d i c a t e  t h a t  v/hareas tho  d i a s t o l i c  c l o s u r e  r a t e  of  t ’- e  m i t r a l
v a lve  i s  normal i n  urioomplicated a c u t e  m yocard ia l  i n f a r c t i o n ,  i t  i s  i n c r e a s e d
i n  ac u te  r.zyocardial i n f a r c t i o n  c o m p l ica ted  by l e f t  h e a r t  f a i l u r e .  There i s
a l s o  evideizce to s u g g e s t  t h a t  t h e  d i a s t o l i c  c l o s u r e  r  d e r c t u v n s  t c  T.ormal
w i th  r é s o lu ' - i o n  o f  l e f t  };eart f r i l u r e ;  he-/ever,  t*'-: number c f  ubserva ti .cns
was smal l  and th e  f i n i i n g s  were z:ot s t a t i s t i c a l l y  s :gn i f i c ' ' _n t .  F u r t h e r ,  t h e
n i t r a l  d i a s t o l i c  c l o s u r e  r t i e  has been found tc be normal i n  convalez)T?::t
i z i f a rc t  p a t i e n t s  w i t h c ' t  h e a r t  f a i l u r e .
I t  i s  c l e a r  frcm t h e s e  obse ia -a t ions  t h a t  t ’ne d i a s t o l i c  c lc  sun''' ne te  of
th e  normal m i r r a l  vadve i n o r c a s e s  i n  t h e  p r e s e n c e  of  r a i l  c g r^ p h ic  ev idence  cf
l e f t  h e a r t  f a i l u r e .  I t  i s  th . e r c f c r e  concluded  t h a t  ' in tho  c o n t e x t  of acuto;
m yocard ia l  i n f a r c t i o n ,  th e  l e f t  v o r t i l c u l a r  f i l l i n g  p r e s s  v"o i s  a majo r  d e t e z n i r a ;
c f  the Slit r a l  d i a s t o l i c  c l  os ' i re  rmt^.  However, a  few- p a t i e n t s  h a t  roam a l
d i a s t o l i c  c l o s u r e  r a t e s  d e s p i t e  the presez'.ce of  l e f t  ‘’ c a r t  f a i l u r e .  ? ’■ ese
e x c e p t io n s  s u gges t  t^ a t  t h e  d i a s t c d i c  c l c s u r e  r a t e  has a d f i t i c n a l  de tc rmiz 'an ts .
Layton  e t  a l ,  ( l5 7 3 )  r-iache^ s i m i l a r  c o n c l u s i o n s .  They verc,  1 c r e v e r ,  unahli
t o  l i s t i n g w i s h  between p a t i e n t s  v i t h  h ig h  and t h o s e  wi th normal l e f t  v e n t r i c u l a r
er -cl-diastoj . ic  p r e s s u r e s  on ll ie b a s i s  of  the i’i a s t o l i c  c l o s u r e  r a t e  and produced
some ev idence  t h a t  v e n t r i c u l a r  d i a s t o l i c  compl iance i s  a f j r t h e r  f a c t o r  d c t c r " i . i: 
t h e / . , ,
t h e  mitre.1 d i a s t o l i c  c l o s u r e  r a t e .  The h ig h e s t  d i a s t o l i c  c l o s u r e  r a t e  they  
observed was 170 rm /sec ;  reduced v e n t r i c u l a r  corny l i a r  ce may w e l l  have been  
r e s p o n s i b l e  f c r  t h e  slow c l o s u r e  r a t e s  a s  most of t h e i r  p a t i e n t s  had e s t a b l i s h e d  
l e f t  v e n t r i c u l a r  d i s e a s e ,  F o n e t ’- ' e l a s s ,  the  d i a s t o l i c  c l o s u r e  r a t e s  r e p o r t e d  by 
th e s e  workers i n  normal s u b j e c t s  a r e  sc widely  a t  v a r i a n c e  with  t h o s e  c b s e r / e i  
by o t h e r s ,  t h a t  t h e  v a l i d i t y  of  t h e i r  measurements can reascr :ab ly  b e  doubted 
(Chap. 2) .
I t  i s  l i k e l y  t h a t  the d i a s t o l i c  c l o s u r e  r a t e  has  m u l t i p l e  d e t e r m in a n t s .
Thus,  i n  a  model l e f t  v e n t r i c l e ,  m i t r a l  v a l v e  f low and v o r t e x  f o rm a t io n  w i t h i n  
th e  v e n t r i c l e  have boon shown to  p l a y  a p a r t  i n  v a l v e  c l o s u r e  (B e l lh o u s e ,  1872).  
F u r t h e r ,  i f  the  d i a s t o l i c  c l o s u r e  r a t e  r e f l e c t s  the  r a t e  of l e f t  v e n t r i c u l a r  
f i l l ] n g  (Lay ton  c t  a l . , 1873) ,  the n  l e f t  a t r i a l  and l e f t  v e n t r i c u l a r  s i z e ,  
per fo rmance  and com pliance  and a l l  t h e  f a c t o r s  i n f l u e n c i j v i  them may be i n v o l v e t .
L e f t  v e i x t r i c u l a r  compl iance may be r e i u c  a i  i n  a c u t e  my e c a r d i a l  in f  arct ic?-  
(Diamond and F o r r e s t e r ,  1872).  V/hen th e  p r e s e n t  s tudy  was under taken  i t  was 
a n t i c i p a t e d  t h a t  t h i s  ab n o rm a l i t y  would be r e f l e c t e d  i n  slow d i a « t c l i c  c l o s u r e  
r a t e s .  This  has  p^i'cved not  to  b e  so; w ith  the e x c e p t io n  o f  the p a t i e n t  wdth 
rheum a t ic  h e a r t  d i s e a s e ,  no abno rm a l ly  low v a l u e s  were r e c o r d e J .  Icdueed  
v e n t r i c u l a r  compliance  cou ld ,  however,  hiave acc o u n te d  f o r  t h e  normal c l o s u r e  
r a t e s  found i n  t h e  p r e s e n c e  c f  l e f t  h e a r t  f a i l u r e  i n  4 a c u t e  j.,hase and 2 
com'0.1 OS ce n t  p a t i e n t s .  Reduced v e r . t r i c u l a r  compliance wo.s though t  to  be l i k e l y  
i n  two cf  t l iase p a t i e n t s  w i th  a c u t e  m yocard ia l  i n f a r c t i o n .  T>us,  one c f  them had 
a p a r s i s t e n t  s i n u s  t a c h y c a r d i a  and a s u b s t a n t i a l  n e r i c a r i i - l  o f f  uai on . . h i l e  th e  
o t h e r ,  who p u r s u e d  an i n  a c t  a b l e  cou r se  w i th  a s i n u s  t a c h y c a r d i a  and g r o s s  
pu lm oiary  oedema was found a t  pos t-mortem t c  have al.most t c taJ .  l e f t  ven t r i cu u la r  
f r e e  w a l l  i n f a r c t i o n .  The o t h e r  two p a t i e n t s  had  e l e c t r o c a r d i c g r a p h i c a l l y  
l o c a l i s e d  i n f a r c t s  anu responded  r e a d i l y  to  a n t i - f a i l u r e  th e ra p y :  an im p o r ta n t
r e d a c t i o n  i n  v e n t r i c u l a r  cori.,vliai.ce was c o n s id e r e d  to he u n l i k e l y .
T a l l u i y ,  De P u s q j u l e  and Burch ( l872)  found widelj,- f l u c t u a t i r g  d i a s t o l i c  c l :  
r a t e s  i n  i r l a i ' c t  p a t i e n t s  wi th a u s c u l l a t o i y  o v i i e n c e  of p a p i l l a i y  musc le  d^'sfuxzcticn: 
tho r e s i l t o  i n  p a t i e n t  3 (F ig .  3,4} corf'ci-m to  tho p a t t e r n  they cbservL-l.
Ech o c a rd i  og z'aphic/", . .
EchocardiC(_^iop-ihic f c a t a r e s  d iu .g i ics t ic  of p a p i l l a i y  muscle  d y s f u n c t i o n  have  r o t ,  
however, been  r e p o r t e d .  The p roblems of c l i n i c a l  u i a p r . c s i j  have been  hi^hlJ\ , -htcd 
h e re  by the two c a s e s  of extei ' iSive p a p i l l a r y  muscle i r f u r c t i o z z  d e t e c t e d  only a t  
post-mcrlCLi, The c o n t r i b u t i o n  of  ischaedic* initraü z 'C g u rg i tu t io n  to  t h e  h igh  
d i a s t o l i c  c l o s u r v  r a t e s  f o u n i  i n  p a t i e n t s  w i th  l e f t  h e a r t  f a i l u e c  must  th u s  
remain a rc  : r t a i n .  I t  i s ,  ho., e v e r ,  im p o r tan t  t o  no te  t h a t  e x c l u s i o n  of  p a t i e n t s  
v/i th p r o b a b l e  or  p roven  p a p i l l a i y  muscle d y s fu i ic t ion  from t h e  a n . , l y s i s  d id  not 
a l t e r  t h e  g e n e r a l  c o n c l u s i o n s .
Looking a t  the  r e s u l t s  i n  p r a c t i c a l  te rm s ,  t h e r e  i s  eviden- 'e  t h a t  
measurement of  th e  d i a s t o l i c  c l o s u r e  r a t e  i n  a c u t e  mycca i 'a ia l  i i f  a r c t i c n  
may no t  only d d f f e r e n t i a t e  between p a t i e n t s  w i th  normal and  th o s e  wi th  
h igh  l e f t  v e n t r i c u l a r  p i ' e s s u re s  b u t  may, when considcz-ed i n  c o n j u n c t i o n  w i th  
th e  r a d i o g r a p h i c  f i r u i n a s ,  i d e n t i f y  p a t i e n t s  i n  whom l e f t  v e n t r i c u l a r  compl iance 
i s  reduced.  I t  i s  l i k e l y  t h a t  f u r t h e r  u s e f u l  i n f o r m a t i o n  cou ld  be o b t a in e d  i f  
t h e  d i a s t o l i c  c l o s u r e  r a t e  wez-e c c n s i d e r e i  i n  the l i g h t  of  s im u l laneous  
u l  t  n'use ni. c a s s e s sm en ts  cf  l e f t  v e n t r i c u l a r  d imensions  and oexf oxnazx c.
Suri'ia r.y
C a rd i a c  l e s i o n s  i n  v/hich th e  d i a s t o l i c  c l o s u r e  r a t e  c f  t h e  m i t r a l  
v a lv e  i s  i n c r e a s e d  and o t h e r s  in  which i t  i s  dec re a se d  have been d e f in e d .
These e s t a b l i s h e d  a s s o c i a t i o n s  su g g e s t  t h a t  l e f t  v e n t r i c u l a r  f i l l i n g  and 
t h e  m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  a r e  r e l a t e d .
To i n v e s t i g a t e  i t s  r e l a t i o n  t o  l e f t  v e n t r i c u l a r  f i l l i n g  p r e s s u r e ,  th e  
m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  was measured i n  t h e  a c u t e  (40  p a t i e n c s )  and 
a g a i n  i n  t h e  c o n v a l e s c e n t  (2g  p a t i e n t s )  p hase  of m yocard ia l  i n f a r c t i o n .  L e f t  
v e n t r i c u l a r  f i l l i n g  p r e s s u r e  was judged to  be normal o r  e l e v a t e d  on r a d io g r a p h ic  
grounds .
I n  t h e  a c u t e  p h a s e ,  t h e  d i a s t o l i c  c l o s u r e  r a t e  was i n c r e a s e d  in  t h e  
p r e s e n c e  of  r a d i o l o g i c a l  l e f t  h e a r t  f a i l u r e  (RdjO.OOl) and was normal i n  
uncom plica ted  m yocard ia l  i n f a r c t i o n .  I n  t h e  c o n v a le s c e n t  p h a s e ,  t h e  d i a s t o l i c
c l o s u r e  r a t e  v/as normal i n  p a t i e n t s  w i th  (Bo,0 ,1 0 )  and i n  t h o s e  w i t h o u t  (P-^'O,lo)  
l e f t / . . .
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l e f t  h e a r t  f a i l u r e .  V/hen l e f t  h e a r t  f a i l u r e  r e s o lv e d  t h e  d i a s t o l i c  c l o s u r e  
r a t e  f e l l ,  b u t  no t  s i g n i f i c a n t l y  ( P > 0 . 1 û ) .
I t  i s  conc luded  t h a t ,  i n  t h e  c o n te x t  of  a c u t e  m yocard ia l  i n f a r c t i o n ,  
l e f t  v e n t r i c u l a r  f i l l i n g  p r e s s u r e  i s  a majo r  dctei-mi.najit o f  t h e  m i t r a l  
d i a s t o l i c  c l o s u r e  r a t e .  I t  i s  su g g e s te d  t h a t  a r e d u c t i o n  i n  l e f t  v e n t r i c u l a r  
compl iance should  be s u s p e c t e d  when r a d io g r a p h i c  l e f t  h e a r t  f a i l u r e  
co m p l ic a t in g  m yocard ia l  i n f a r c t i o n  i s  a s s o c i a t e d  w i th  a  norma] m i t r a l  d i a s t o l i c  
c l o s u r e  r a t e .
TABLE 3,1 ALL PATIENTS
n
DCR mm . / s e c . 
M ean S D
D ifference from normals 
P
Normals 45 176 29
A . A cute phase infarcts
1 . All patien ts 40 214 69 <0*005
2 . LVF present 26 241 70 <0-001
3 . LVF absent 14 165 28 >  0-10
B. Follow -up infarcts
4 .  All patien ts 24 186 63 > 0 -1 0
5 . LVF present 6 234 81 < 0 -1 0
6 . LVF absent 18 170 48 > 0 -1 0
Combining A and B
7 . All patien ts 64 204 67 <0-005
8 . LVF present 32 240 71 <0-001
9 . LVF absent 32 168 40 >0-10
TABLE 3 , 2  
ALL PATIENTS
GROUPS P
1 & 4 > 0 -1 0
2 & 3 <0-001
5 & 6 < 0 -1 0
8 & 9 <0-001
TABLE 3 , 3  
PATIENTS WITHOUT PAPILLARY MUSCLE D Y S F U N C T I O N
n
DCR m m /sec . 
M ean S D
D ifference from normals 
P
Normals 45 176 29
A . A cute phase infarcts
1 . All patients 32 209 67 <  0-02
2 . LVF present 20 236 69 <  0-001
3 . LVF absent 12 163 28 > 0 -1 0
B. Follow -up infarcts
4 . All patients 17 174 66 >0-10
5 ,  LVF present 3 249 115 > 0-10
6 .  LVF absent 14 157 42 > 0-10
Combining A and B
7 . All patients 49 197 68 < 0 -1 0
8 . LVF present 23 238 73 <  0-001
9 . LVF absent 26 160 35 < 0 -1 0
TABLE 3 , 4  
PATIENTS WITHOUT PAPILLARY 
- MUSCLE D Y S F U N C T I O N
GROUPS P
1 & 4
2 & 3 
5 & 6  
8 & 9
< 0 -1 0
<0-001
> 0-10
<0-001
DCR m m /sec. 
450-,
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100-
n=40 n=26
Papillary muscle A Infarction
n=14 n=45
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ECHOOA:^DIOa:UT?.Y OF W-T. T..E?T lEART
I f  misj n t e r p  r o t a t i o n  o f  echoed r d i  ograp li ic  i n f  CiTjation .i 3 to  bo a vc ided ,  
i t  18 e s s e n t i a l  t o  hav c a  d e t a i l e d  knov/ledge of  the  ori  p in s  or' i t h e  i r t e r - r e l a t i o n  
of  th e  echoes whicii can  be reco rded  from th e  non ra l  and th e  u b n c m o l  h e a r t .
E d lo r  made a  b a s i c  c o n t r i b  u t i c n  v.’hen,  from an.atcj)ic,>.l ccns.i d e r a t i o n s  and from 
s t u d i e s  or  th e  i s o l a t e d  ani mal h e a r t ,  he i 'den t i i  l e d  t h e  m i t r a l  a n t e r i o r  cus_' 
echogram a n i  thus  e s t a b l i s h e d  a p o i n t  of r e f e r e n c e  f r o n  v.hich th e  - 'Tigins  of  
o th e r  echoes cou ld  be deduced ( b d l e r ,  I 96I ;  b d l c r  e t  a l .  , l l ' 6 l ) .  S j b c e o u e n t l  , 
th e  echoes from sevo ra i  ma jor i n t r a - c a r d i o c  s t r u c t u r a s  v/ere ider- 'J  fi-od and 
i n t e r - r e l a t e d  by u l t r a  s o n ic  c o n t r a s t  s t u d i o s  (Oramial:, Shah arci b ram er ,  106f )  
and more r e c e n t l y ,  s t r i p - c h a r t  r e c o r d i n g s  ])ave been used t o  d i s p l a y  These 
i n t e r - r e l a t i o n s  (Feigerbauni ,  1972).  Ho*vever, t h e  cchccardiograx>hic‘ f e a t u r e s  
o f  come i n t r a - c a r d i a c  s t r u c t u r e s  have no t  been f u l l y  d e s c r i b e d  and chore i s  
ev idence i n  th e  l i t e r a t u r e  t h a t ,  p o s s i b l y  a s  a  consequence ,  echoes rd i  ogrep hi c 
f ind!Jigs have o o c a s i c r a l l y  been  r i s c o n s t r u e d .
I n  t h i s  accoun t ,  r s o c r t s  -"'rcm ncr . ia l  s u b j e c t s  and from p a t i e n t s  j th  
non-rheumatic  h e a r t  d i s e a s e  a r e  used  t o  i l l u s t r a t e  i n  d e t a i l  the  (-ichoc.. rdiogrsphic 
f e a t u r e s  of  th e  l e f t  h e a r t .
' / a ty r ia l .
U l t r a s o n i c  r e c o rd s  from normal s u b j e c t s  and from, p a t i e n t s  vvitl; non - rheusa  t i  c 
h e a r t  disoG.se were reviewed.  Those which d i s p l a y e d  t h e  i n t e r - r e l a t i o n s  of  l e f t  
h e a i t  s t r u c t u r e s  and which were t e c h n i c a l l y  s a t i s f a c t o r y  were s e l e c t e d  and f o r a  
th e  b a s i s  c f  t h i s  a cc oun t .
Methods
The equipment used was an E s k o l i n e  20 u l t r a s c n o s c c p e  with  .m u r fo cu sed  
t r a n s d u c e r ,  P o l a r o i d  o r  s t im .p -char t  (H on ey w el l  Vi s i  co rd e r )  r e c o rd s  v/ore made :
on t h e s e ,  t i s s u e  j e p th  and tiac^ marke rs  were recc i 'ded  as  p.rovious.l.y d e s c r i b e d  
(Chap 2) ,  V/ith t h e  p a t i e n t s  s up ine  o r  s e a t e d  e r e c t ,  t h e  ; ' c s i t i o n  and a n g u l a t i o n  
o f / ►.,
of  tl:e t r a n s d u c e r  were a l t e r e d  f r e e l y  t o  d i s p l a y  t h e  i n t  r a - c a r d i u c  s Li'uctui’es. 
D i s c u s s io n
The anatomy c f  t h e  normal l e f t  n e a r t  i s  i l l u s t r a t e d  d i a g r a m a t i c a l l y  
i n  F ig ,  4,1#  The p a t h s  o f  th e  u l t r a s o n i c  beam which have  been  super imposed  
a r e  r e f e r r e d  to  s u b r e q u e n t l y .
A o r t i c  r o o t
Q-ramiaJc and  h i s  oo-.vorkers  d e s c r i b e d  -the a o r t i c  r o o t  echogram and  shewed 
t h a t  i t  i s  r e l a t e d  p o s t e r i o r l y  to  t h e  l e f t  otri .um (Craiaiak e t  a l , , 1 9 6 f ) ,  They 
l a t e r  used  t h e  dep th  c f  t h e  l e f t  a t r i a l  c a v i t y  bchine t h e  a o r t i c  r o o t  a t  
c n d - s y s t o i c  a s  a  measurement of  l e f t  a t r i a l  s i s e  (Cramisk and Shah, 1971)#
This  measurement canno t  be  p r e c i s e  b eca u se  t h e r e  a r e  no p o i n t s  cf  r e f e r e n c e  
from which tho  p a t h  of  th e  u l t r a s o n i c  beam i n  th e  l e f t  a t r i u m  can be  d educe i .
Thus, i n  recoz 'ding t h e  a o r t i c  r o o t  echograms i n  F i g s ,  4 , 2  t o  4 , 4 ,  th e  bean may 
have been  d i r e c t e d  t o  t r a v e r s e  th e  l e f t  a t r i u r  o b l i q u e l y  a s  i n  F ig ,  4 , 1 ,  p a t h  1 
o r  i t  may have been  d i r e c t e d  more s u r e r i o i ] y  to t r a v e r s e  t h e  a b o r t  a x i s  c f  th e  
chamber, im m edia te ly  b e h i n d  t h e  a o r t i c  r o o t  : t h e  a p p a r e n t  le fr-  a t r i a l  s i n e  w i l l  
d i f f e r  i n  t h e  two c i r c u m s ta n c e s .
S y s t o l i c  f l u t t e r  of  t h e  a o r t i c  l e a f l e t s  i s  an abnormal b u t  n o n - s p e c i f i c  
f i n d i n g  : F i g s ,  4 , 2  and  4 ,3  were  I’econded from a p a t i e n t  v/ i th l e f t  h e a r t  f a i l u r e ,  
presumed t o  be  on a h y p e r t e n s i v e  b a s i s .
The a o r t i c  r o o t  i s  i n  c o n t i n u i t y  below v/i th th e  i n t e x v i ' t r i c u l a r  septum and 
v/i th t h e  m i t j"9l r i n g  and t h e  r o o t  of  t h e  m i t r a l  a n t e r i o r  cusp  ( F ig s ,  4 , 3  and. 4 ,4 )#
Fchces from t h e  a o r t i c  r o o t  and t h e  im media te ly  s u b j a c e n t  p o r t i o n  cf  t h e  mit  no1
a n t e r i o r  cusp a r e  r e c o r d e d  a t  t h e  same dep th  (Johnson  e t  a l , , 1972)# As th e
u l t r a s o n i c  b e a r  i s  a n g le d  t c v ' . r d s  the  f r e e  edge of the a n t e r i o r  cusp  and dcwrr/zards
towards t h e  l e f t  v e n t r i c l e ,  the  a o r t i c  r o o t  and the  a n t e r i o r  l e a f l e t  no l o n - e r
l i e  i n  +‘ho sane p l a n e  ( F ig ,  4 ,1  ) .  S y s t o l i c  p r o l a p s e  o f  t h e  a n t e r i o r  l e a f l e t  can
th u s  only b e  d ia gnosed  from tho  m i t r a l  echograms i n  t h e  f i r s t  p a r t  of o. c o n t inuous
downwards sw e e p  from t h e  a o r t i c  r o o t .
Lef t  a t r i  a l  w a l l
I n  F i g ,  4,-4 t h e  p o s t e r i o r  w a l l  of t h e  l e f t  a t r i u m  i s  r eco rd ed  as  a  p u l s a t i l e
s t r u c t u r e  b eh in d  th e  m i t r a l  a n t e r i o r  cusp : i t  moves p o s t e r i o r l y  i n  v e n t r i c u l a r  
s y s t o l e  and d u r in g  vuntr. i  c u l a r  d i a s t o l e  e x h i b i t s  two a n t e r i o r  movements, the  
second of  v/hich c o - i n c i d e s  v/ i th a t r i a l  s y s t o l i c  r e -o p e n i n g  of  th e  a n t e r i o r  cusp,  
Althoug;h t h e  a o r t i c  v e s t  i s  a l s o  r e l a t e d  p o s t e r i o r l y  t o  the  l e f t  a t r i u Q ,  a  c l e a r  
waveform from t h e  w all  o f  t h a t  s t r u c t u r e  has  ne t  been  r eco rded  b e h in d  t h e  a o r t i c  
r o o t  echogram, s u g g e s t i n g  th<^t th e  u l t r a s o n i c  beam has  c u t  t h e  a t r i a l  w a l l  
o b l i q u e l y ,  p o s s i b l y  as  i n d i c a t e d  i n  F ig ,  4 , 1 ,  p a t h  1,
P ig ,  4 , 5  shows the t r a n s i t i o n  from a , l e f t  a t r i a l  v/al l  t o  a  l e f t  v e n t r i c u l a r  
w a l l  echogram a s  t h e  beern i s  d j . r tct ed .  th rough  th e  a t i i o - v c n t r i c u l a r  j u n c t i o n  
(F ig .  4 , 1 ,  p a t h  3) towards  t h e  l e f t  v e n t r i c l e ,
I  have found no d e t a i l e d  d e s c r i p t i o n  of  t h e  l e f t  a t r i a l  echogram i n  the  
l i t e r a t u r e .  However, Johnson  e t  a l .  (1972) and Feigenbauni (] 973) have p u b l i s l i e d  
t r a c i n g s  which i n c l u d e  u n l a b e l l o d  l e f t  a t r i a l  w a l l  r e c o r d s ,
M i t r a l  r i n g
The m i t m l  o r i f i c e  i s  su r rounded  by a f i b r o u s  r i n g  whdch i s  co n t in u o u s  
on i t s  i n n e r  a s p e c t  v/ ith t h e  v a l v e  l e a f l e t s .  Angiographic  s t u d i e s  have shown 
t h a t  th e  m i t r a l  r i n g  moves downwards and fo iw ard s  towards  t h e  c a r d i a c  apex  
dur ing  v e n t r i c u l a r  s y s t o l e  and upwards ay:d backwards tow ards  th e  base  of t h e  
h e a r t  i n  d i a s t o l e  (Dayem e t  a l ,  , I 967) .  3.n F ig .  4 , 1 ,  i t s  ond^ d i a s t o l i c  and
c n d - s y s t c l i c  p o s i t i o n s  have been  r e p r e s e n t e d  d i a g r a m a t i c a l l y ,
The m i t r a l  r i n g  and th e  1 c r t i c -n  of  t h e  l e f t  v e n t r i c u l a r  vnall below t h e  
f r e e  margins  o f  th e  cu s p s  (F ig ,  4 , 1 ,  p a t h  4 ) move i n  d i r e c t i o n s  v/hich a r e  
e s s e n t i a l l y  a t  r i g h t  a n g l e s ;  i n  s y s t o l e  thf '  r i n g  mioves downwards o.n^ i fo rw ards  
a long  t h e  a x i s  j o i n i n g  t h e  m i t r a l  o r i f i c e  and t h e  apex w h i l e  t h e  l e f t  
v e n t r i c u l a r  w a l l  moves upwords and fo r . / o rd s  a c r o s s  t h e  mean niin.or ex.ls o f  the  
v e n t r i c l e  (C-ibson and Bro.in, 1973)c I t  can be conc luded  t h a t  echoes w i t h i n  
t h e  l e f t  v e n t r i c l e  moving i n  p a r a l l e l  w i th  i t s  p o s t e r i o r  w a l l  cannot  o i l g i r i a t c  
from th e  r i n g  and t h a t  mi t  r a i  r i n g  echoes w i l l  be d i s p l a y e d  only when t h e  
u l t r a s o rd .c  beam i s  d i r e c t e : !  towards  the; l e f t  at i ' ium. F u r t h e r ,  boca.use t h e  r i i g  
and t h e  l e o . f l o t s  a r e  i n  co n t in u i ty - ,  m i t r a l  I'irp; echoes w i l l  be r e r c r d e d  v/hen the
beam i s  d i r e c t e d  tow ards  th e  r o o t s  of the  c u s p s .
I n / . . ,
I n  F i r ,  4 , 6 ,  a d j a c e n t  to  the  t y p i c a l  a n t e r i o r  cusp echcgiam, t h e r e  i s  a 
s t r o n g e r  coho : t h e  two a r e  v a r i a b l y  r e l a t e d .  Thus,  i n  v e n t r i c u l a r  d i a s t o l e
t h e  s t r o n g e r  echo p a r a l l e l s  the  c l o s u r e  movement o f  t h e  a n t e r i o r  cusp ,  i n t e r v e n e s  
between i t  and t h e  l e r t  a t r i a l  w a l l  and can be  seen t o  be  i n  c o n t i n u i t y  w i th  i t  
a t  the  o n se t  of  a t r i a l  s y s t o l e .  Dur ing  v e n t r i c u l . a r  s y s t o l e  b o th  echoes move 
a n t e r i o r l y  : th ro u g h o u t  inrst of t h i s  phase  th e  a n t e r i o r  cu sp  echogram i s
rccoz'ded bo hi nd tliS a t rongo) '  echo,  in t e r - ' e i i i n g  between i t  and  the  l e f t  a t r i a l  wal].. 
I n  oari.y d i a s t o l e  as. t h e  a n t e r i o r  cusp moves rap. idly fo rw ard  to  i t s  open p o s i t l c : . ,  
i t  i s  b r i e f l y  obscured  by the s t r o n g e r  echo.
I n  th e  normal h e a i t ,  t h e  f r e e  exiges o f  the two m i t r a l  l e a f l e t s  move i n  
o p p o s i t e  d i r e c t i o n s  d u r in g  d i a s t o l e  : t h e r e  i.a no a n a to m ic a l  or  ha cm c dynamic
ev idence  which s u g g e s t s  t h a t  the  d i r e c t i o n  of  movement of t h e  ro o t  of  th e  
p o s t e r i o r  cusp d i f f e r s  from t h a t  cf  i t s  f r e e  margin o r  t h a t  the r o o t  of the 
p o s t e r i o r  cusp i s  i n  a p p o s i t i o n  with, th e  a n t e r i o r  cusp) d u r ing  t h i s  phase  of the  
c a r d i a c  c y c l e .  The s t r o n g  echo moving wi th  the a n t e r i o r  cusp i n  dia==tole and i r  
ap p a re n t  c o n t i n u i t y  w ith  i t  i n  p i* e - s y s to l e  (F ig ,  4 , ^ )  canno t  t h e r e f o r e  b e  d e r iv e d  
from th e  p c s t e i l o i *  cusp and must o r i g i n a t e  from th e  m i t r a l  r i n g .
I n  the  normal h e a r t  du r ing  s y s t o l e ,  t h e  a n t e r i o r  l e a f l e t  does not  p r o l a p s e  
b eh ind  t h e  p j o s t e r i c r  one b u t  b o th  a r e  known t v  b u lg e  tow ards  the  l e f t  a t r i u m  
(Burch,  De Pa squad e and P h i l l i p s ,  I 963) ,  I n  F ig ,  4 ; ^ ,  t h e  a n t e r i o r  cusp i s  
d i s p l a y e d  w i t h i n  th e  d e f t  a t r ium  beh.ind the  s t r o n g e r  echo,  p r o v i d i r g  f u r t h e r  
ev idence  t h a t  t h i s  echo i s  d e r iv e d  from t h e  m i t r a l  r i n g .
I t  i s  su g g e s te d  t h a t  a  com ple te  echogram from the  m i t r a l  r i n g  can be  
r e c o rd e d  ojily v/hen the  u l t r a s o n i c  beam i s  d i r e c t e d ,  a s  i n  F ig ,  4^1 ,  p a t h  2,  
a long  i t s  l i n e  of mot ion ,  V/hile i t  i s  a p p r e c i a t e d  t h a t  F ig ,  -4,1, p a t h  2 dees 
not  p r e c i s e l y  r e p r e s e n t  th e  co u r s e  cf  th e  beam i n  F ig ,  1 , 6 ,  i t  does e x p l a i n  t h e  
sequence i n  which t h e  echoes  have been reco rded .  Thus,  i n  b o th  F i g s ,  t h e  beam 
c o n s e c u t i v e l y  t r a v e r s e s  t h e  septum, the  a n t e r i o r  cusp ,  t h e  riiyg and t h e  l e f t  a t r i a l  
w a l l  i n  d i a s t o l e  and th e  septum, t h e  r i n g ,  th e  a n t e r i o r  cusp  and the  l o f t  a t r i a l  
w a l l  i n  s y s t o l e .
I n  rny e x p e r i e n c e  i t  i s  d i f f i c u l t  t o  r e c o rd  a  co n t in u o u s  echogram from the  
mi 1 r a i / , , ,
m i t r a l  r i n g ,  •Howevei.-, s t r o n g  echoes which move a n t e r i o r l y  i n  s y s t o l e  and 
p o s t e r i o r l y  i n  d i a s t o l e  a r e  f r e q u e n t l y  seen  a d j a c e n t  to  t h e  a . n t e r i o r  cusp v/hen 
i t  i s  d i s p l a y e d  w i t h  th e  3.eft a t r i u m  b e h in d  i t  ( F i g s ,  4 , 5 ;  k , l ' ,  4 , 8  and 4 , 9 ) ,  
T h e o r e t i c a l l y ,  t h e s e  echoes a r e  3ike3y  to  be from th e  ri.ng ; f a i l u r e  o f  th e  
u l t i ’a s o n i c  beam to  t r a v e r s e  t h a t  s t r u c t u r e  a t  r i g h t  a n g l e s  would acc o u n t  f o r  
t l i c i r  d i s t o r t e d  wavefcrm. Thus,  i n  F ig ,  4 , 3 ,  echoes th o u g h t  to  be  from t h e  
r i n g  have  been  r e c o rd e d  b u t  t h e  beam, has  t r a v e r s e d  t h e  l e f t  a t r i u m  c l o s e  to  
i t s  j u n c t i o n  w i th  t h e  v e n t r i c l e  and cou ld  not  have been  d i r e c t e d  a lo n g  th e  
l i n e  of movement o f  t h e  r i n g .
Because t h e  echograms from t h e  m i t iw l  rir^g, tlie choz'dae t e r .d incae  and th e  
l e f t  v e n t r i c u l a r  p o s t e r i o r  w a l l  a r e  s i m i l a r ,  t h e r e  has  undoubte. l ly been  c on fus ion  
i n  t h e i r  i d e n t i f i c a t i o n .  F o r  example,  i n s p e c t i o n  o f  the  t r u c i r ig s  i n  the  c r ig in . s l  
a ccount  of  t h e  m i t r a l  r i n g  echogram Grabliorn and F edge riba urn, 196?) s : jggest/
t h a t  t h e  echoes d e s c r i b e d  o r i g i n a t e d  i n  f e e t  from th e  endocardium of t h e  l e f t  
v e n t r i c l e  and from t h e  chordae .  F u r t h e r ,  Chakorn e t  a l ,  ( l 9 ? 2 )  m i s i n t e r p r e t e d  
echoes from th e  l e f t  v e n t r i c u l a r  endocardium and frcm th e  r-heumatic m i t r a l  
p o s t e r i o r  cusp.
Ring lAovement undcubted ly  c o n t r i b u t e s  t o  th e  m i t r a l  d i a s t o l i c  c l o s u r e  
movement (F ig ,  ■+,£), I t  i s^  however,  d i f f i c u l t  t o  r e c o r d  a c c u r a t e l y  and th e  
p r a c t i c a l i t y  of  p i -cpcsa l s  to  i n c o r p o r a t e  measurements of  t h e  arAplitudc of r i n g  
movement i n  th e  u l t r a s o n i c  a s se s sm en t  of l e f t  v e n t r i c u l a r  f i l l i n g  ( l . y t o n  e t  a l , , 
1973) i s  d o u b t fu l .
I.’e f t  ven t r i c u l a r  wa l l
The l e f t  v e n t r i c u l a r  v/all  f'chogram a l t e r s  as  the  u l t r a s o n i c  beam i s  swept
from th e  a t r i c - v e n t r i c u l a r  j u n c t i o n  downwards through t h e  l e f t  v e n t r i c l e  of a
normal h e a r t .  F i g s ,  4 , 9  a^nd 4 , 1 0  a r e  from the  same s u b j e c t  : t h e  t h i c k n e s s  cf
t h e  l e f t  v e n t r i c u l a r  w a l l  i n c r e a s e s  v/ i th downward a n g u l a t i o n  o f  t h e  t r a n s d u c e r
and i t s  e x c u r s io n  i s  8 mm and llj. mm i n  th e  f i r s t  and l a s t  p a r t s  c f  the  sweep
r e s p e c t i v e l y .  I t  i s  con tended  t h a t  t h o s e  d i f f e r e n c e s  a r e  r e a l  and not  t e c h n i c a l
and t h a t  th e y  o ccu r  a s  th e  beam i s  d i r e c t e d  on to  the  p o s t e r i o r  p a p i l l a r y  muscle.
Thus, v/hen l e f t  v e n t r i c u l a r  w a l l  e x c u r s io n  and t h i c k n e s s  a r e  maximal, t h e  
^ jo s te .r io r / . . .
p o s t e r i o r  cusp ochogram i s  r e p l a c e d  by echoes fro.n the chordae  te nd i r .eao  
(F ig s ,  2j., 9 and 4 ,1 0 )  s u g g e s t in g  t h a t  t h e  beara has  p a s s e d  th rough  the  f r e e  
margin o f  t h e  a n t e r i o r  cusp and beyond the  f r e e  margin  of  t h e  s h o r t e r  
p o s t e r i o r  one, to  t h e  r eg ion  of t h e  p o s t e r i o r  p a p i l l a r y  muscle (Fige 4 , 1 ,  p a th  5 ) ,  
C o n v e r s e ly ,  when t h e  team t r a v e r s a s  th e  f r e e  marg in  o f • tl'.e p o s t e r i o r  cusp 
(P ig s .  4-,9; 4 , 1 0  s.na F ig ,  4 , 1 ,  p o t h  4 ) to  .Oiich thiO p o s t e r i o r  p a p i l l a r y  muscle 
cannot  be s u b j a c e n t ,  l e f t  v e n t r i c u l a r  v,al] o x c u r s i c n  and t h i c k n e s s  a r e  S'ul/maximal. 
These o b s e r v a t i o n s  a r e  r e p r e s e n t e d  d i a g i ' a . r a t i c a l l y  i n  F ig ,  4 , Id ,  I t  i s  of  p i r a c t i c a i  
im por tance  t o  no te  t h a t  e n d - s y s t o l i c  d imens ion i s  s m a l l e r  a t  the p a p i l l a r y  mused 0 
than a t  t h e  l e v e l  of  t l ie  f r e e  marppins of  t h e  ouspjs and t);.at t h e  d e r i v e d  s t r o k e  
volume i s  t h e r e f o r e  d i f f e r e n t  a t  tîie two s i t e s .
P o s t e r i o r  cusp  a n d c h e r  I ce t e r d jr.-eaC
F ig ,  4-,5 was r e c o rd e d  a s  t h e  beam was d i r e c t e d  frcm the  l e f t  a t r i u m  to  t h e  
l e f t  v e n t r i c l e  : a t  e n d - d i a s t o l e  a t h i n  coho moves r a p i d l y  frcm th e  a t r i a l  wall 
towards t h e  a n t e r i o r  cusp,  S imi. la r  echoes a r e  p r e s e n t  i n  F i g s ,  4 , 7  t o  4-,10 and 
4 ,12  : t h e r e  i s  an a p p a r e n t  t r a n s i t i o n  to  0. t y p i c a l  p o s t e r i o r  cusp f r e e  margin
echogram i n  F ig ,  4 , 1 0 ,  I n  F ig s ,  4 , 9  and 4 , 1 0  th e  beam must have been  d i r e c t e d  
much a s  i n  F ig ,  4 j l ,  pat l i  3, The t h i n  echo i s  t h u s  l i k e l y  t o  b e  from the ro o t  
c f  the  p o s t e r i o r  cusp : t h i s  p a r i  of  the  cusp moves i n t o  t h e  a t r i u : ’: i n  s y s t o l e
as  i t s  f r e e  margin  c l o s e s  a g a i n s t  t h e  a n t e r i o r  cusp  w i t ] i n  trie v e n t r i c l e .
As i n d i c a t e d  p r o v i o u s l y ,  echoes from th e  p o s t e r i o r  cusp cea se  t o  be 
r e c o rd e d  v/heji t h e  t r a n s d u c e r  i s  a n g le d  dowrwards frcm i t s  f r e e  margir’ i n t o  the 
v e n t r i c l e  (F ig s ,  4 , 9  and 4 , l l ) „  They a r e  r e p l a c e d  by s t r o n g e r  echc.cs v.-"ich move 
a n l c r i o r l y  i n  s y s t o l e  and p c s t e i i c r l y  i n  d i a s t o l e  bu t  which l a c k  the  d i a s t o l i c  
c l o s u r e  and p r e - s y s t c l i c  r e - o p e n i n g  movements c h a r a c t e r i s t i c  of  t h e  l e a f l e t  
echogram (Fiv;a 4 , 1 3 / ,  As the  beam sweeps on downwards t h ro u g h  th e  v e n t im c l e ,  
s i m i l a r  echoes a l s o  r e p l a c e  th e  a n t e r i o r  cusp echogram ( F ig ,  4 ,14 )  ; i t  i s  
concluded  t h a t  t h e y  c r i m i n a t e  frcm th e  chordae  to r / l i r .eae ,
Ij-'t e i 'vea t  r i c ul a r  s e p t  urn
I n  F i r ,  4 , 3 ,  the  echoes  from t h e  i n t e r \ ’e n t r i c u l a r  septum a l t e r  a s  th e  beam 
sweeps dcAvnwcrds from the  a t r i u m  th  rough t> e v e n t r i c l e .  The septum a p p e a r s  tc.
beccm.e/, , ,
become t h i c k e r  w i th  downward a n g u l a t i o n  o f  the  t r a n s d u c e r  and the  a m p l i tu d e  
o f  s e p t a l  mot ion  i n c r e a s e s  frcm 4 ’mi i n  tho  f i r s t  t o  0mm i n  t h e  l a s t  p a r t  of 
t h e  sweep. These changes  may simply be t e c h n i c a i , r e s u l t i n g  from a l t e r a t i o n  i n  
the  a n g l e  a t  which the  beam t r a v e r s e s  t h e  septum. They may, hov/ever, be  r e a l  and 
may r e f l e c t  t h e  t r a n s i t i o n  between t h e  membranous and ' the  t h i c k e r  muscul"^r 
p o r t i o n s  c f  t h e  i n t  ozv ont  r i c u l a  i' sep t r r . .  T h i s  c o n c lu s io n  i s  ob v io u s ly  higl i ly 
spccu l .a t ivc  bu t  t e n d s  t o  be s u p p o r t e !  by tdie f a c t  t h a t  t h e  change  i n  wav of  o n  i s  
a b ru p t  and. i s  cons i . s ten t] .y  r e c o rd e d  a s  th e  beam p a s s e s  through, the a t  id o-v on t r i  c u l a r  
junc t ion -  Thus,  i n  F ig ,  4 , 1 0  the  s e p t a l  echogram a l t e r s  a f t e r  the  second  couple:: ,  
when the  beam p a s s e s  t o  t h e  l e f t  v e n t r i c l e  and i s  unchanged t h e r e a f t e r  d e s p i t e  &. 
downward sweep t o  the- r e g i o n  of  th e  p o s t e r i o r  p a p i l l a r y ;  musc le ,  A s i m i l a r  sequence 
i s  seen i n  F ig .  4 , 3 ,  I t  i s  a l s o  p r e s e n t ,  a l th o u g h  l e s s  o b v io u s ly ,  i n  F ig .  4 , 9  
where t r a n s i t i o n  c f  th e  s e p t a l  '..'aveform com/nc nces a t  tj ie p o i n t  v/here a  d i s t o r t e d  
l e f t  v e n t r i c u l a r  w a l l  echogram i s  f i r s t  r eco rded .  The a o r t i c  r o o t  i s  con t inuous  
a n t e r i o r l y  a r d  below w i th  th e  membranous p o r t i o n  o f  th e  septum (F ig ,  4 , l ) ,  I n  
F ig ,  4 , 1 .':5 th e  t h i n n e r  l e s s  p u l s a t i l e  s e p t a l  echogr.am has  been  r eco rded  below the  
aor-'cic r o o t ,  f a v o u r in g  i t s  o r i g i n  frcm the membranous septum.
These o b s e r v a t i o n s  canno t  be f u r t h e r  v a l i d a t e d  a t  p r e s e n t .  I t  i s  i n t e r e s t i n g  
t o  note  t h a t  a l t h o u g h  th e  echoes  fz’om th e  i n t e i o / en t r i c u l a r  septum have been s t u d i e d  
by a  number of workers  (Popp e t  a l .  , l f 6 9 ;  Pornbo, Trey and R u s s e l l ,  1971; Diamond 
e t  a l . , I 97I ;  Ludbrock e t  a l , , 1973) ,  none has  commented on th e  two d i s t i n c t  s e p t a l  
echograms r e p o r t e d  he re .
This  acc oun t  has  d e a l t  comprehensively '  with the  e c h o c a rd io g ra p h i c  
anatomy of t h e  l e f t  h e a r t .  I t  i n c l u d e s  new o b s e r v a t i o n s  which I  c o n s i d e r  to  
be v a l i d  and  which have been  s u b s t a n t i a t e d  a s  f a r  a s  a  s in^rle  d im ens iona l  
approach w i l l  a l low .  The m u l t id i m e n s io n a l  system developed  by Bom and h i s  
co-workers  ( K l c s t e r  e t  a l , , 1973; Roeland t  et  a l , , 1974) i s  an im p o r tan t  
advance:  u s in g  i t ,  i t  sh o u ld  be p o s s i b l e  to  o b t a i n  a d d i t i o n a l  i n fo rm a t io n
on the  i n t e r - r e l a t i o n s  of  c a r d i a c  echoes .
Summary
T o / . . .
To i n v e s t i g a t e  t h e  e c h o c a rd ic g ra p h ic  f e a t u r e s  of  th e  normal l e f t  
h c a i t ,  echograms were r e c o rd e d  a s  t h e  a n g u l a t i o n  o f  t i c  u l t r a s o n i c  beam 
was a l t e r e d  and w i th  a f i x e d  beam. The P o l a r o i d  and s t r i p  c h a r t  r e c o rd s  
o b ta in e d  a r e  p r e s e n te d :  they  d i s p l a y  l e f t  h e a r t  echoes and t h e i r
i n t e r - r e l a t i o n s .
I t  i s  concluded:  l )  Echoes from the  m i t r a l  r i n g  a r e  n e v e r  r eco rd ed
w i t h i n  t h e  l e f t  v e n t r i c l e ,  2) The l e f t  a t r i a l  w a l l  echogram lias a 
c h a r a c t e r i s t i c  waveform, 3) Echoes from the  r o o t  of th e  p o s t e r i o r  cusp 
can be r e c o rd e d  v / i th in  t h e  l e f t  atriuii i ,  g) The waveform of the  p o s t e r i o r  
cusp echogram a l t e r s  a s  th e  u l t r a s o n i c  beam i s  swept from t h e  ro o t  vo the 
f r e e  margin of  the  cusp, 3) I n  t h e  r e g io n  of  t h e  p o s t e r i o r  p a p i l l a r y  muscle,  
t h e  p o s t e r i o r  cusp echogram i s  r e p l a c e d  by echoes from t h e  chordae  
t e n d in e a e  which have a c h a r a c t e r i s t i c  waveform. 6) Two d i s t i n c t  cchocardiographi* 
p a t t e r n s  can be r eco rded  from t h e  i n t e r v e n t r i c u l a r  septum: i t  i s  sugges ted
t h a t  t h e s e  o r i g i n a t e  from i t s  membranous and m uscu la r  p o r t i o n s .
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Pollow irii ' th e  i d e n t i f i c a t i o n  c f  th e  m i t r a l  a n t e r i o r  cusp  echcgran  (Tidier, T^bl; 
hhller o t  a l e ,  a number of w orkers  r e p o r te d  on th e  u se  of u l t r a s o u n d  in  th e
i n v e s t i g a t i o n  o f  th e  rh eum atic  m i t r a l  v a lv e  ( E f f o r t  e t  aT«, 3964; Se^^al, L ik o f f  ar.d 
IKincsley, I 966; E ô l c r ,  19^7; Wharton and Lopes B osccs ,  19?0 ) ,  They showed t h a t  
echocaru icr.rophy can p ro v id e  usefaT. in fo rm a t io n  on th e  s t r u c t u r e  and f u n c t i o n  of 
th e  rheu’ii^cti.c v a lv e  and i t  i s  e v id e n t  from the  subsequen t l i t e r a t u r e  t h a t  t h e i r  
s t u d i e s  a r e  w id e ly  re g a rd e d  a s  d e f i n i t i v e .  However, i t  i s  w orth  n o ta ry  t h a t ,  w i th  
th e  e x c e p t io n  of S ega l  and h i s  co~w orkers, th e s e  i n v e s t i g a t o r s  used syste:'.s  w}iichi 
r eco rd ed  s i n g l e  echoes and they  were th u s  n o t  i n  a  p o s i t i o n  to  coiTiment e i t h e r  on 
u l t r a s o n i c  ev id en ce  of c a l c i f i c a t i o n  o r  th ic k e n in g  of th e  a n t e r i o r  j o a f l e t  o r  on 
echoes from o th e r  p a r t s  o f  t h e  m i t r a l  v a lv e  a p p a ra tu s .  F o r  th e s e  i-eosons anO 
b ecau se  th e  a c c u racy  of measurements made from rec o rd s  o th e r  th a n  s t r i p - c ' : a r t  
r e c o rd s  i s  q u e s t io n a b le  (Chaps, ?, and 2) I  fouïid i t  n e c e s s a ry ,  when s e t t i n g  uj) 
a r o u t in e  s e r v i c e ; i n  c a r d i a c  ul sound, to  r e - e v a l u a t e  oven t h i s  b o o t a c c e p te d  
a p p l i c a t i o n  o f  th e  method,
P a t i  c n t s
Pro g ro u p s  were s tu d ie d .
G roup 1
24. p a t i e n t s  c o n s id e r e d  on kaemodynamic r n d / o r  c l i n i c a l  e v id en ce  to  be 
u n eq u iv o ca lly  s u i t a b l e  f o r  c lo s e d  m i t r a l  v a lv o to ry .  A l l  underwent c lo s e d  
valvotomy (Hr. I ,A , S a l la m ) ,  A l l  had a u s c u l t a t o r y  c'>*iderce of r’. i t r : !  s t e n o s i s  
which was judged c l i n i c a l l y  to  be s e v e re  in  12 , m oderate  in  10 and m ild  ir , 2,
A t r i v i o . l  a o r t i c  v a lv e  l e s i o n  war. p r e s e n t  i n  2 c a r e s .  P r e - o p e r a t i v e  r i g h t  h e a r t  
c a t h e t e r ! s a t i o n  was perfo rm ed  i n  11 p a t i e n t s  and 2 had an  a d d i t i o n a l  l e f t  h e a r t  
s tudy . F luoroscopy  was c a r r i e d  out only i n  the  p a t i e n t s  who were c a t h e t e r i s ^ d ;
i t  d em o n stra ted  m i t r a l  v a lv e  c a l c i f i c a t i o n  in  one cane,
>i.i t  Vcx^y c » «
M i t r a l  r e g u r g i t a t i o n  c f  i n s u f f i c i e n t  s e v e r i t y  tc  p r e c lu d e  c l o s e d  valvotomy 
was s u s p e c te d  c l i n i c a l l y  i n  8 c a s e s ;  m inor m i t r a l  r e g u r g i t a t i o n  was confirm ed  in  
th e  2 su b m it te d  to  an g iog raphy ,
13 p a t i e î i t s  whose s u i t a b i l i t y  f o r  c lo s e d  valvotc:ny was doubted  on c l i n i c a l  
and haemodynaTiic g rounds .  T hree  underwent" open valvotom y and 10 had a c lo se d  
p ro ced u re ;  th e  o p e r a t io n s  were p e rfo rm ed  b} 6 d i f f e r e n t  s u rg e o n s .  All p a t i e n t s  
had a u s c u l t a t o r y  e^/idence cf  m i t r a l  s t e n o s i s  which v/as judged  c l i n i c a l l y  to  be  
severe  i n  each, A h ae ro d y n am ica l3y s i g n i f i c a n t  a o r t i c  v a lv e  l e s i o n  v/as p r e s e n t  
i n  3 c a s e s .  P i 'e -o p e n a t iv e  lâ g h r  h e a r t  c a t h e t e r i s a t i o n  was perfo rm ed  in  a l l  p a t i e n t ;  
and 6 had an a d d i t i o n a l  l e f t  };eart steady, F luo roscopy  was c a r r i e d  out i n  a l l  e s s e s  
and dem o n stra ted  m i t r a l  v a lv e  c a l c i f i c a t i o n  i n  4  of the:o.
M inor mi.tra3. r e g u r g i t a t i o n  was s u s p e c te d  c l i n i c a l l y  and  confirm ed  
a n g io g ra p h ic a l ly  i n  6 c a s e s ,
M ethodc
Echocard iogram s were reco rded  i n  a l l  37 p a t i e n t s  b e f o r e  o p e r a t io n  and th e  
exam ination  was r e p e a te d  in  35 p a t i e n t s  on C'Vje o c c a s io n  between th e  second and 
e ig h th  p o s t - o p e r a t i v e  weeks; 2 p a t i e n t s  from Group 1 were l o s t  to  fo l lo w -u p .
For th e  p u rp o se s  of t h i s  s tu d y ,  th e  surgeon who p e r fo n n e d  th e  va lvo tcnn .es  
i n  Group 1 made d e t a i l e d  n o te s  of h i s  o p e r a t iv e  f i n d i n g s  and p ro c e d u re .  The 
in fo rm a t io n  i n  Group 2 was l e s s  p r e c i s e  and was e x t r a c t e d  from the  surgeons* 
r o u t i n e  o p e r a t io n  n o te s .
The u l t r a s o u n d  f  i n l i n g s  were compared wi th  the r e s u l t s  of c a r d i a c  
c a t l ' e t e r i s a t i o r i ,  the  o p e r a t iv e  f in d in g s  and th e  c3 .in ica l  a s se ssm en t c f  th e  
p d t r a l  v a lv e .
An E s k c l in e  20 u l t r a s o n o s c o p e  and an unfocused  t r a n s d u c e r  were used  in
t h i s  s tu d y .  The p a t i e n t s  were examined sup ine  and th e  t r a n s d u c e r  was p o s i t i o n e d
and a n g le d  to  r e c o r d  th e  m i t r a l  a n t e r i o r  cusp echogram. Records were made w i th  a
St r i p - c h a r t  r e c o r d e r  (honcycvell V i r i c o r d s r )  a t  c h a r t  speeds  of 10 a r j  20 mr/se-c 
o r / , .,
J 7 .
o r  th e  TP d i s p la y  v/as pho to g rap h ed  d i r e c t l y  from the  o s c i l l o s c o p e  f a c e .
F ig .  5>1 shows how th e  a m p li tu d e  of th e  ra i . tra l  echogram was measured from 
th e  re c o rd s  and liovv th e  d i a s t o l i c  c lo s u re  r a t e  was m easured  when t h e  d i a s t o l i c  
c lo s u re  movement had a  s in g l  e component i . e, v/as ro n o ;)h a s ir .  When th e  d i a s t o l i c  
c lo s u re  movement had two components i . e .  was b i p h a s i c ,  the method of m sacursycn i 
of the  d i a s t o l i c  c l o s u r e  r a t e  was l e s s  c o n v e n t io n a l .  Thus, .-hexi a s  i n  ccirpl ex ( a ) ,  
F ig ,  5 ,2 ,  th e  d u r a t i o n  of th e  f i r s t  component of the  d i a s t o l i c  c l o s u r e  movement was 
a t  l e a s t  41^  o f  i t s  t o t a l  d u r a t io n ,  th e  d i a s t o l i c  c l o s u r e  r a t e  was measured from 
th e  f i r s t  component and th e  second v/as d is r e g a rd e d ,  Vdnen th e  d u r a t i o n  of tlxc f i r s t  
component c f  the  d i a s t o l i c  c lo s u re  movement vfas l e s s  tn a n  4'7/ of i t s  t o t a l ,  th e  
mean d i a s t o l i c  c l o s u r e  r a t e  was measured a s  i n  complex ( b ) , F ig ,  f , 2 ,
M u l t i p l e  echoes b e h in d  and p a r a l l e l  t o  the  main cusp echo (F ig .  5 ,3 )  were 
taken  a s  ev idence  of m i t r a l  c a l c i f i c a t i o n ,  p ro v id e d  t h a t  th e y  n e r s i  s te d  when t ’-g 
i n t e n s i t y  c f  the  u l t r a s o n i c  beam was red u ced  to  the minimum n e c e s s a ry  to  r e c o rd  a 
con t inuous  a n t e r i o r  cusp echcrram.
Res u l t s
A mplitude o f  t h e  m i t r a l  echogram
The am p li tu d e  of th e  echograms r e c o r l s d  i n  Groups 1 and 2 a r e  d e t a i l e d  
i n  F ig s ,  5 , 4  ünd 5 ,5  r e s p e c t i v e l y ,  Tlioy arc  compared w ith  th e  amp] i t a l e s  (22 *• 41 mm) 
re c o rd e d  i n  a  s e r i e s  o f  normal s u b je c t s .
B e fo re  o p e r a t io n ,  abnorm ally  low am p li tu d e  echograms v e re  recoi 'ded i n  5 p a t i e n t s  
frcm Group 1 and in  5 from Group 2, The mean pre-opcI 'a tD ve a m p li tu d e  i n  t l ie  s m a l le r  
Group 2 was below th e  normial rarp;e, Bchogrd.m am p li tu d e  in c r e a s e d ,  b u t  I'ot g r e a t l p , 
w ith  v a lv o to ry .  Thus, th e  mean am p li tu d e  ro s e  from 2 6 ,0  -  2u,4 mm tc  27 .5  -  4 ,5  
i n  Group 1 and  from 2 1 ,7  ~ 2^.4 mm to  22 ,4  -  2»,0 mm in  Group 2, P o s t “cperat5.velp-, 
th e  am p li tu d e  rem ained abnorm ally  low in  2 p a t i e n t s  from Group 1 and in  4  from 
Group 2,
H itn - i l  d i a s t o l i c c l o s u r e  r a t e 
T h e / . . .
The m i t r a l  d i a s t o l i c  c l o s u r e  r a t  3.", reco rd ed  i n  Groups 1 and 2 a r e  d e t a i l e d  
i n  F ig s ,  5 ,6  and 5 ,7  r e s p e c t i v e l y .  The p r e - o p e r a t i v e  vo.3ues were low, b e in g  l e s s  
th an  25 mrq/sec, i n  ?9 c a s e s .  The d i a s t o l i c  c l o s u r e  r a t e  in c r e a s e d  with valvctcm y. 
Thus, th e  mean v a lu e  ro s e  from 1 3 ,8  -  13 ,1  rruq/sec, to  49 .4  “ 11 ,6  mm/sec. i n  
Group 1 and from 1 1 ,4  -  8 ,4  m q/see . to  29 .7  ^ 1 5 .2  mm/sec, n Group 2, The 
h ig h e s t  d i a s t o l i c  c lc r .u re  r a t e  reco rd ed  a f t e r  vaivotom y was 70 um /sec. A l l  t h e  
p o s t - o p e r a t i v e  c l o s u r e  r a t e s  v/ere t h e r e f o r e  w e l l  below  t h e  norm al raiy<:e observed  
p r e v io u s ly  (Chap. 2 ) ,  However, th e  r e s u l t s  i n  tlie  two groups d i f f e r e d ;  w h ile  
th e  p o s t - o p e r a t i v e  ni f:ral d i a s t o l i c  c lo s u r e  r a t e  was l e s s  tlian 40 n rr /sec ,  i n
o r ly  2 p a t i e n t s  from Group 1, i t  war, l e s s  th a n  22 n ir /sec ,  i n  6 p a t i e n t s  from
Gi'oup 2,
Fora  of th e  d i a s t o l i c  c l o s u r e  movement.
D i a s t o l i c  c l o s u r e  was b i p h a s i c  in  3.0 p r e - o p e r a t i v e  echograms,
HI"! r a s o n ic  ev idence  o f  c a l c i f i c a t i o n .
M i.tra l  v a lv e  c a l c i f i c a t i o n  vas  d iag iu /sed  from th e  echcgrcuns o f  9 p a t i e n t s  
i n  Group 1 and of 10 i n  Group 2.
C cmna r i  son och oca r d i  og ra rh  i c , c3, : ni c a], a nd ope r a t  iv  e f  i  %,ii ru: u.
Soyer i t y  c f  s t e n o s i s
Although most of t h e  n r e - o p c r a ' i v e  d i a s t o l i c  c l o s u r e  r a t e s  f e l l  v / i th in  a
narrow ra n g e ,  th ey  v/ere compared w i th  th e  o p e r a t iv e  a sse s sm e n t  c f  th e  s e v e r i t y
o f  i f d t r a l  s t e n c s i u  (T.ablc 5 , 1 / .  ’Vhen th e  moan f o r  each ca teg o iy  was c o n s id e re d ,
th e  d i a s t o l i c  c lo s u r e  r a t e  was found, to  d e c re a s e  w ith  i n c r e a s i n g  s e v e r i t y  of
s t e n o s i s .  However, i n  i n d i v id u a l  c a s e s  th e  d i a s t o l i c  c l o s u r e  r a t e  v/ob an
in a c c u r a t e  in d ex  o f  th.e s e v e r i t y  of s t e n o s i s , .
P r e s s u r e s  were m easured a t  o p e ra t io n  i n a l l  GiX)up 1 p a t i e n t s ,  iv3 though,
i n  g e n e r a l ,  h igh  p r e s s u r e s  v/ere a s s o c i a t e d  w ith  low d i a s t c l i c  c l o s u r e  r a t e s ,
th e  f in d i n g s  were v a r i a b l e  and t h e r e  were no s i g n i f i c a n t  c o r r e l a t i o n s  between
th e  d i a s t o l i c  c l o s u r e  r a t e  and mean pulmonary a ro c ry  p r e s s u r e ,  mean l e f t  a t r i a l
p r e s s u r e  o r  m i t r a l  e n d - d i a s t c l i o  g r a d i e n t  a t  o p e ra t io n .
T h e / , . .
The d i a s t o l i c  c l c s u i o  r a t e  v/as a l s o  a s s e s s e d  a g a i n s t  p r e - o p e r a t i v e  p r e s s u r e s .  
O b se rv a t io n s  v/ere made on 25 p a t i e n t s :  h e a v i ly  c a l c i f i e d  v a lv e s  v/ere ex c lu d es  and 
r e s u l t s  from p a t i e n t s  ;/ho v/ere a w a i t in g  valvotomy b u t  who v/ere r o t  i n  th e  p r ' j s e n t  
s e r i e s  were added. S i g n i f i c a n t  i; ,egative c o r r e l a t i o n s  were found be tw een  th e  
d i a s t o l i c  c l o s u r e  r a t e  an d  m-uan pulmonaib'’ a r t e i y  p r e s s u r e  ( r  = 0,4-8; P<C0*05), 
pulmonary a r t e r y  s y s t o l i c  p r e s s u r e  ( r  = 0 ,4 5 ;  r-=C.3,025) and mean pulnior£ir>' 
c a p i l l a i y  p r e s s u r e  ( z '=  0 ,5 1 ;  02) a t  ' r e s t .
E x e r c i s e  pvdracnary a r t e r y  and pulmonary c a p i l l a r y  p r e s s u r e s ,  which v/ei’e 
measured i n  only 7 o a s e s ,  d id  n o t  c o r r e l a t e  v/ith the  d ia s to H ic  clo/iiire r a t e .
C a l c i f i c a t i o n
E vidence  o f  m i t r a l  c a l c i f i c a t i o n  v/as c o n s id e re d  to  be p r e s e n t  on 15 p r e -  
o p e r a t iv e  echograms b u t  i n  3 c a s e s  th e  o p e r a t iv e  f in d i n g s  f a i l e d  t c  co n f irm  th e  
d ia g n o s i s .  At o p e r a t io n ,  13 v a lv e s  v/ere n o te d  to  be c a l c i f i e d  ( F i r ,  5 , 6 ) :  thcux/
v/as e o h o o a rd ic g ra p h ic  ev id en ce  o f  c a l c i f i c a t i o n  i n  11 of them. C a rd ia c  sc re e n in g  
v/as done r o u t i n e l y  i n  Group 2: o f  th e  7 v a lv e s  found a t  o p e r a t io n  to  be
c a l c i f i e d ,  a l l  v/ere i d e n t i f i e d  by cchocard iog raphy  w h i le  o n ly  4  were d e t e c t e d  by 
fluoroscopy*.
M it m l  r e g u r g i t a t i o n .
At o p e r a t io n ,  m ild  m i t r a l  r e g u r g i t a t i o n  was confirm ed  i n  9 c f  th e  li|. c a s e s  
i n  whom i t  tutd b een  s u s p e c te d  c l i n i c a l l y  and 2 a d d i t i o n a l  c a s e s  were i d e n t i f i e d .
The echogram a m p li tu d e s  and th e  d i a s t o l i c  c l o s u r e  r a t e s  i n  t h e s e  11 p a t i e n t s  
v/ith  con f irm ed  m i t r a l  incom petence (P ig s ,  5 ,4  to  5 , 7 ) ,  d id  n o t  o b v io u s ly  d i f f e r  
from th o s e  of p a t i e n t s  v/itii com petent v a l v e s ,  W hile t h e r e  was ev idence  c f  
c a l c i f i c a t i o n  on th e  echograms of 6 p a t i e n t s  w ith  m i t r a l  r e g u r g i t a t i o n ,  t h e  
f ind ir-g  was c l e a r l y  n o t  r e s t r i c t e d  to  such c a s e s ,
A b i p h a s i c  d i a s t o l i c  c l o s u r e  movement w ith  a  s h o r t  f i r s t  component (P ig s ,  5 ,5  
and 5 ,1 0 )  v/as c b s e i r e d  i n  6 r e g u r g i t a n t  v a lv e s ,  one o f  which v/as c a l c i f i e d .  The 
echograms i n  F ig .  5 ,9  v/ere r e c o rd e d  from a  p a t i e n t  v/ho v/as found a t  c lo s e d  valvctcm y
to  have a  m ob ile  a n t e r i o r  cu sp  and a  s i g n i f i c a n t  r e g u r g i t a n t  j e t ,  p a lp a b le  1 cm, 
b o d ; i n i / , , ,
beh ind  th e  m i t r a l  v a lv e .
The p a t i e n t  whose echograms a r e  shown in  F ig .  5 ,1 0  was su b m it ted  t o  
o p e n -h e a r t  surp;ery in  view o f  an  a d d i t i o n a l  a o r t i c  v a lv e  l e s i o n  and b eca u se  
c a r d i a c  c a t h e t i c r i s a t i o n  had i n d i c a t e d  t ig h b  m i t r a l  s t e n o s i s  w ith  some 
rQ v u rg i ta t i  cn and p o s s i b l e  c a l c i f i c a t i  or.. At o p e r a t io n  th e  a o r t - i c  l e s i o n  was 
of i n s u f f i c i e n t  s e v e r i t y  t c  w a rra n t  a o r t i c  v a lv e  rep la cem e n t.  The m i t r a l  
v a lv e  .vas found t c  be s e v e r e ly  s t e n o t i c ,  s l i g h t l y  incom peten t and m odera te ly  
c a l c i f i e d .  D é c a l c i f i c a t i o n ,  vslvotcmy w ith  m o b i l i s a t i o n  o f  th e  s u b - v a lv a r  
a p p a ra tu s  and a l i m i t e d  a n n u lc p la s ty  were perform ed.
Cusp m o b i l i ty
An orxcrative a s se ssm en t  o f  a n t e r i o r  cusp ’’m o b j l i t y ” was made in  16 c a s e s  
from Group 1, M o b i l i ty  and echogram am p litu d e  were b ro a d ly  c o r r e l a t e d .  Thus, 
th e  am p li tude  of th e  a n t e r i o r  cusp echogram ranged  from 2 3 .0  t o  3 4 .0  (mean 28 ,7 )  
i n  10 m obile  v a lv e s  and from 2 0 ,0  to  29,0  (mean 23 ,2 )  mm i n  6 v a lv e s  w i th  v a r / i r g  
im pairm ent of cusp m o b i l i t y .  I n  m i t r a l  r e g u r g i t a t i o n ,  cusp m o b i l i ty  d e te rm in e !  th e  
foITU of the  d i a s t o l i c  c l o s u r e  movement; b ip h a s i c  movements were re c o rd e d  only 
from incom peten t v a lv e s  which' r e t a i n e d  some m o b i l i ty .
Mo c o r r e l a t i o n  was o b s e r /e d  between the* am p litu d e  o f  the- p o s t e r i o r  cusp 
echograr.i a r d  th e  s u r g i c a l  a s se ssm en t of p o s t e r i o r  cusp m o b i l i t y .  A lthough 
th e  a m p li tu d es  c f  th e  p o s t e r i o r  cu sp  echograms in  F ig ,  5 ,1 1  a r e  s i m i l a r ,  the  
p o s t e r i o r  l e a f l e t  v.as judged  a t  o p e r a t io n  to  be ’’f r e e l y  mobile'* and "very 
immobile" i n  c a s e s  ( a )  and (b) r e s p e c t i v e l y ,
S ubva lva r  s t e n o s i s
TJicre were no d i s t i n c t i v e  e c l ic c a rd io g ra p h ic  f e a t u r e s  i n  th e  9 p a t i e n t s  
found to  have s u b v s lv a r  s t e n o s i s .  I n  p a r t i c u l a r ,  t h e i r  echogiam a m p li tu d e s  
d id  n o t  d i f f e r  from th e s e  of p a t i e n t s  i n  wh cm th e  s t e n o s i s  was purelj ,  v a lv a r .
The p o s t - o p e r a t i v e  ee l 'or:ram
I n  most c a s e s ,  th e  d i a s t o l i c  c l o s u r e  r a t e  ro se  p o s t - o p e n a t iv e l y  (F ig s .  3 ,6  and
5 ,7 )  b u t  even where an  e x c e l l e n t  valvotcm y was a c h iev ed  i n  a  m ain ly  membranous
v a lv e  (F ig ,  5 ,1 2 ) ,  i t  d id  not re a d :  norma] l e v e l s ,
Th.e/,
The echograms in  F ig ,  5 ,13  were r e c c rd e d  from a v a lv e  w ith  t i g h t  s t e n o s i s  
and j e t  incom petence. Although in co m p le te  comuisarotoniy and  m odera te  s u b v a lv a r  
s t e n o s i s  produced a r e s i d u a l  e n d - d i a s t o l i c  rradJLent o f  4  rn-'',Hg, , th e  d i a s t o l i c  
c lo s u r e  r a t e  ro s e  c o n s id e ra b ly  w i th  o p e ra t io n .
The d i a s t o l i c  c l o s u r e  r a t e  in c r e a s e d  l e a s t  i n  in s t a n c e s  //here c a l c i f i c a t i o n  
and a  low am p litu d e  echogram c o - e x i s t e d  (F ig .  5 , 8 ) .  Thus, w h i le  th e  
p o s t - o p e r a t i v e  d i a s t o l i c  c l o s u r e  r a t e  d id  not exceed  30 i.nm/f ec i n  the  5 
c a l c i f i e d  v a lv e s  w ith  p r e - o p e r a t i v e  a m p li tu d es  below  22 mm, i t  xarged  (w ith  
one ex ce p tio n )  from 30 -  65 m.’: / s s c  when c a l c i f i c a t i o n  v/as a s s o c i a t e d  w ith  a  
n o ra a l  p r e - o p e r a t i v e  a m p li tu d e .  The echograms i n  F ig ,  5 ,1 /f i l l u s t r a t e  t h i s  
p o in t .
The p o s t - o p e r a t i v e  d i a s t o l i c  c l o s u r e  r a t e  tended  to  r e f l e c t  th e  degree  
to  which th e  su rgeon  c o n s id e re d  s t e n o s i s  had been r e l i e v e d  (T ab le  5 , 2 ) .
h i s c u s s ic n
The r e s u l t s  of th e  e c h o c a rd io g ra p h ic  measurements in  th e  two g roups of
p a t i e n t s  l/ave been p r e s e n te d  s e p a r a t e l y  because  th e  g ro u p s  were c l i n i c a l l y
d i s t i n c t  and b ecau se  th e  surgeon who p e r fo rm e i  th e  Group 1 v» lvo to :n ies
c o -o p e ra te d  i n  th e  s tu d y  and d e s c r ib e d  h i s  o p e r a t iv e  f i n d i n g s  i n  i e t a i l .
The echogram a m p li tu d e s  o f  b o th  normal and rh eum atic  m i t r a l  v a lv e s
r e p o r te d  h e r e  a r e  h ig h e r  th a n  th o s e  cb se raed  by o th e r s ,  v/ho m easured them
from c h a r t  r e c o rd s  c f  s i n g l e  eclioes (W in te rs  e t  a l , ,  1967'; G u s ta fso n ,  1967';
Vrharton and Lopez B escos ,  1970), The p r e s e n t  f in d i n g s  do, however, su p p o r t
th e  g e n e r a l  c o n c lu s io n  o f  th e s e  w orkers  t h a t  the am p li tu d e  of th e  m i t r a l
a n t e r i o r  cusp  echogram r e f l e c t s  th e  m o b i l i ty  of t h a t  s t r u c t u r e ,
M o b i l i ty ,  the  r e s u l t a n t  of v a ry in g  degrees  of th i c k e n in g ,  c a l c i f i c r t i o n ,
commisural f u s io n  and s u b v a lv a r  d i s o r g a n i s a t i o n ,  i s  a  p a ra m e te r  which surgeons
f in d  d i f f i c u l t  tc  d e f i n e  b u t  u s e fu l  to  a s s e s s .  I t  can be conc lu d ed  from th e
p r e s e n t  r e s u l t s  t h a t  im p o r ta n t  im p a im e n t  of m o b i l i t y ,  p r e c lu d in g  s u c c e s s f u l
valvotcm y, can  be  a n t ic ip a te d ,  when the  am p li tu d e  of th e  a n t e r i o r  cusp  echcgrup.
i s  l e s s  th a n  22 mrn. A l l  th e  abnorm ally  low am p litu d e  echograms re c o rd e d  h e re  
w e r e / , . .
Were from h e a v i ly  c a l c i f i e d  v a l v e s ,  some vd lh  s u b v a lv a r  d is o x 'g a n is a t io n .
However, t h e r e  v/as no ev idence  r e l a t i n g  low echogram a m p li tu d e  and 
su b v a lv a r  s t e n o s i s  i n  th e  absence  of c a l c i f i c a t i o n ,
The p r e - o p e r a t i v e  d i a s t o l i c  c l o s u r e  r a t e s  in  t h i s  s tudy a r e  a t  
v r . r i a r c e  v/ith th e  h ig h e r  v a lu e s ,  p a r t i c u l a r l y  f o r  m odera te  s t e n o s i s ,  
r e p o r te d  by l e g a l  e t  a l .  ( l y t S )  b u t  a r e  i n  second v /i th  th e  o b s e rv a t io n s  
of E f f o r t  o t  a l ,  ( I 564) , E l l e r  (jG^V) and " i n t e r s  e t  a l ,  ( 1967) .  These 
’.voi'kc.rs clccior.stnated a good c o r r e l a t i o n  between th e  d i a s t o l i c  c l o s u r e  r a t e  
and th e  m itru l  v a lv e  a r e a .  T h e i r  f i n ' i n g s  a r e  c o r ro b o ra te d  by th e  broad  
c o r r e l a t i o n  obser '/ed  h o rs  betwee?- th e  d i a s t o l i c  c l o s u r e  rai'.e and th e  s u rg e o n 's  
c p r m t i v e  a ssessm en t of th e  s e v e r i t y  of s t e n o s i s .
I t  i s  c l e a r  t h a t  echccard iog- 'aphy  d i s t i n g u i s h e s  a c c u r a te l y  betw een m ild  
and haem odynamically  s i g n i f i c a n t  m i t r a l  s t e n o s i s .  I t  i s  r a r e l y  cf p r a c t i c a l  
im portance  tc  d i s t i n g u i s h  between m odera te  and s e v e re  stfu-.osis; both, a re  
s i g n i f i c a n t  and th e  p a t i e n t ’ s sy m p to m s  dctexviinc th e  ne*d f o r  o p e ra t iv e  
in t e :v e n t io r . .  Hence, i t  i s  n o t  a m ajor d is a d v a n ta g e  t h a t  i n  t h i s  s tu d y ,  a s  
i n  othei-s , th e s e  t.vo g ra d e s  of s t e n o s i s  co u ld  ne t b e  c o n s i s t e n t l y  d i f f e r e n t i a t e !  
on the  b a s i s  cf th.e d i a s t o l i c  c l o s u r e  r a t e .
T h is  i n v e s t i g a t i o n  and t h a t  o f  G u s ta fso n  ( 1967) have d e m o n s tra ted  a 
s i g n i f i c a n t  i n v e r s e  r e l a t i o n ,  i n  some s t e n o t i c  v a l v e s ,  between th e  d i a s t o 3 i c  
c lo s u re  r a t e  and p r e - o p e r a t i v e  r i g h t  heart, p r e s s iu 'e s .  However, p resum ably  
b ecau se  cusp p l i a b i l i t y  i s  among th e  d e te rm in a n ts  of th e  d i a s t o l i c  c l o s u r e  
r a t e ,  no such c o r r e l a t i o n  e x i s t s  ir ,  t h e  p re s e n c e  of heavy c a l c i f i c a t i o n ,  and 
ever, i n  i t s  a b se n c e ,  th e  c o r r e l a t i o n  may be im p re c is e  i n  i n d i v id u a l  c a s e s .
These obsom vaticns  have p r a c t i c a l  i n p l i c a t i o n s  f o r  th e  a ssessm en t of pa  t i e r t s  
v/ith c l i r d .c a l ly  p u re  m i t r a l  s t e n o s i s .  Thus, when u l t r a s o u n d  d e m o n s t ra te s  a 
m obile  v a lv e ,  r i g h t  heai-t c a th .c te r i s .a l io n  v / i i l  p ro v id e  no u s e f u l  a d d iv ic r .o l  
i n f c n u a t i c n  w hereas p r e s s u r e  measurements may b e  i n d i c a t e d  to  i n v e s t i g a t e  
th e  haemolynarrdc e f f e c t s  of an  e c h o c a r d io g r a p h ic a l l \  r i g i d  v a lv e ,
11/.
I t  i s  ev iuer .t  t h a t  th e  p o s t - o p e r a t i v e  d i a s t o l i c  c l o s u r e  r a t e  brcadDy 
r e f l e c t s  th.e deg ree  to  which s t e n o s i s  has been r e l i e v e d .  However, because  
i t  has a  number c f  d e te rm in a n ts ,  th e  d i a s t o l i c  c lo s u re  r a t e  rem ains  subnoi'mal 
even a f t e r  an  e x c e l l e n t  valvotcm y. The d i a s t o l . i c  c l o s u r e  r a t e  measured a t  
o p e r a t io n  (Joluison e t  a l , , 1972) can t h e r e f o r e  on ly  b e  reg a rd e d  as  an 
approx im ate  in d e x  o f  th e  su ccess  of commis arc  totny. The p o s t - o p e r a t i v e  
r e s u l t s  i r  th e  p r e s e n t  s e r i e s  a r c  s i m i l a r  to  th o s e  r e p o r t e d  by E f f o r t  e l  a l ,
( 1964) and E d le r  ( I 967) b u t  t h e s e  w o rkers  concluded , on th e  b a s i s  of low er  
v a lu e s  i n  rox-mal s u b j e c t s ,  t h a t  tl c d i a s t o l i c  c l o s u r e  r a t e  r e tu r n e d  a f t e r  
s u c c e s s fu l  valvotcmy tc  n onca l  o r  n e a r  noim al l e v e l s .
Hea^'y m i t r a l  v a lv e  c a l c i f i c a t i o n ,  w ith  i t s  a s s o c i a t e d  d i s r u p t i o n  of 
l e a f l e t  and su b v a lv a r  anatomy i s  l i k e l y  to  p r e c lu d e  s u c c c s s f a ]  valvotcm y.
I t s  p re -o p e ra i . iv e  i d e n t i f i c a t i o n  i s  im p o r ta n t .  I d e a l l y ,  i n  suc}i c a s e s ,  th e  
v a lv e  should be examined under d i r e c t  v i s io n - o n  c a r d ic - p u ln c n a iy  b y -p a s s  and 
th e  d e c i s io n  to  p ro c e e d  to  open valvotcm y o r  t o  m i t r a l  v a lv e  rep lacem en t should 
th e n  be  made. J o y n e r  e t  a l , , ( I 565) and S egal e t  a l ,  ( i 960) d e s c r ib e d  th e  
e c h o c a rd io g ia p h ic  f e a t u r e s  of the  c a l c i f i e i  m i t r a l  v a lv e .  The p r e s e n t  f in d in g s  
show u l t r a s o u n d  to  be s u p e r io r  to  f lu o ro sc o p y  in  th e  d e t e c t i o n  of m i t r a l  
c a l c i f i c a t i o n ,  . I n  th e  two in s t a n c e s  "'/hero echocard iog raphy  f a i l e d  to  i d e n t i f y  
calcium  l a t e r  d em o n s tra ted  a t  o p e r a t io n ,  c a l c i f i c a t i o n  was th:ought to  be 
r e s t r i c t e d  t c  th e  r o o t  of th e  a n t e r i o r  ccmmisure. A lthough c a l c i f i c a t i o n  was 
d iagnosed  only i f  m u l t i p l e  echoes p e r s i s t e d  when th e  i n t e n s i t y  of th e  in c id e n t  
u l t r a s o n i c  beam was m ir / j^a l ,  t h e r e  were 8 a p p a re n t  f a l s e  p o s i t i v e s .  P re v io u s  
ex j-e rience  may e x p la in  th e  d is c re p a n c y :  u l t r a s o u n d  i d e n t i f i e s  m ild c a l c i f i c a t i o n
which can  be  dem o n stra ted  m ic r o s c o p ic a l ly  but which canno t be d ia g n o s e ‘i a t  open 
valvotomy (Berham, l e d g e r  and P r i d i e ,  u n p u b lish e d ) ,
Vf-ien an a p i c a l  s y s t o l i c  murmur c o - c x i s t s  w ith  ev idence  of :n i t r a l  s t e n o s i s ,
th e  p a t i e n t ' s  s u i t a b i l i t y  f o r  valvotcm y may be q u e s t io n a b le .  I n  t h i s  c o n te x t ,
echccard icgruphy  can p ro v id e  q u i t e  a c c u r a te  in fo rm a t io n  which r e n f e r s  hacmod)namio
i n v e s t i g a t i o n  u n n e c e ssa ry  in  many in s ta n c e s ,  C l e a r l y ,  i f  r c h c c a r l i c .^ r  .pry 
d e m o n s t r a t e ^ / ..,
d em o n stra te s  & r i g i d ,  h e a v i l y  c a l c i f i e i  v a lv e ,  c lo s e d  valvotcm y i s  p re c lu d e d
cn t h i s  b a s i s  a lo n e  and th e  p a t i e n t  i s  a c a n d id a te  f o r  card io -pu l 'non iiry  b y -p a s s
v/ith  a  view t c  open valvotcm y c r  m i t r a l  v a lv e  rep lacem en t:  i n  th e s e  circumstcnce;.'-,
a d d i t i o n a l  c a r d i a c  o a t h e t e r i s a t j  cn has  l i t t l e  to  commend i t .  I f ,  on th e  o th '- r  }. a r a ,
th e  a n t e r i o r  cusp i s  p l i a b l e ,  u l t r a s o u n d  can be used t c  i d e n t i f y  m i t r a l
re g u i 'g i ta t i . c n  and to  a s s e s s  i t s  s i g n i f i c a n c e ,
Segal e t  a l ,  ( i 960) observed  b ip h a s i c  d i a s t o l i c  c l o s u r e  movements i n  the
p re se n c e  o f  p redom inan t r d t r c . l  r e g u r g i t a t i o n .  They w ere, however, unab le  to
d i f f e r e n t i a  t e  e r .h c c a rd io g ra p h ic a l ly  between p u re  m i t r a l  s t e n o s i s  and dominant
s t e n o s i s  v/itli m inor r e g u r g i t a t i o n :  o th e r s  have had th e  came e x p e r ie n c e
(B urgess e t  a l , , 1973). The p r e s e n t  s tudy  shows t h a t  p r o v id e  1 th e  a n t e r i o r
cusp i s  p l i a b l e ,  th e  tr.vc l e s i o n s  can be d i s t i n g u i s h e d .  Thus, even when
s t e n o s i s  i s  dominant and  s e v e re ,  m inor m i t r a l  incom petence i s  r e f l e c t e d  i n  a
b ip h a s i c  d ia s to lic .:  c l o s u r e  movement w i th  a s h o r t  i n i t i a l  compcnent, T'nis
i n i t i a l  component i s  r e l a t i v e l y  f a s t  ( i g  to  66 m n/sec) b u t  b e c a u se  i t  i s  c f
s h o r t  d u r a t io n ,  i t  c o n t r i b u t e s  l i t t l e  to  th e  mean d i a s t o l i c  c lo s u r e  r a t e ,
Her.cc, i n  a s s e s s i n g  th e  s i g n i f i c a n c e  o f  rheum atic  m i t r a l  r e g u r g i t a t i o n ,  tiiC
d u r a t io n  of the  f i r s t  component of d i a s t o l i c  c l o s u r e  shou ld  be c o n s id e re d .
Mean d i a s t o l i c  c l o s u r e  r a t e s  th u s  c a l c u l a t e d  from p re d o m in a n tly  s t e n o t i c
v a lv e s ,  f a l l  f a r  below th e  f i g u r e s  quo ted  by S egal e t  a l ,  ( I 966) .
A f t e r  valvctoip.y, d i a g n o s t i c  prcb lec is  cou ld  a r i s e  v /ith  echograms l i k e  the
o re  i n  F ig ,  5 ,9 b ,  v.hich cou ld  be i n t e r p r e t e d  a s  ev idence  of good r e l i e f  of
s t e n o s i s  o r  of p redom inan t m i t r a l  r e g u r g i t a t i o n  i n  a p l i a b l e  v a lv e .  However,
th e  two p o s s i b i l i t i e s  a r e  u n l ik e ly  to  be confused  c l i n i c a l l y  a rd  t h e  echogram
ciin s t i l l  be  of p r a c t i c a l  v a lu e .  Thus, i f  such a re c o rd  i s  o b ta in e d  frc.m a
p a t i e n t  who i s  f a i l i n g  to  improve p o s t - o p e n a t iv e l y ,  i t  can a t  l e a s t  be
concluded  t h a t  r e s i d u a l  s t e n o s i s  i s  n e t  r e s p o n s ib le .
The d i a s t o l i c  c l o s u r e  r a t e  of a no.i:nal r i t r a l  v a lv e  miy be s i g t i i f i c a n t l y
vdecreased i n  t};e p re s e n c e  of a  non -ccm pllan t  l e f t  v e n t r i c l e .  The d i f f e r e n t i a l
d ia g n o s i s  fx’om m i t r a l  s te n o s i .s  i s  g r e a t l y  s i m p l i f i e d  by th e  o b s e rv a t io n  th a t  
t h e / , , ,
th e  a n t e r i o r  and p o s t e r i o r  cusp echoes of a s t e n o t i c  v a lv e  move in  t h e  same 
d i r e c t i o n  d u r in g  d i a s t o l e  (Duchak, Chang and Feigenbaum, 1972),  T h is  f i n d i n g  
i s  e x p l i c a b le  i f  th e  r e l a t i v e  p o s i t i o n s  o f  th e  two cu sp s  a r e  a s  shown i n  
P ig ,  5 ,15 :  i t  can be  env isaged  how th e  u l t r a s o n i c  beam cou ld  be an ^ .le i  to
t r a v e r s e  b o th  cusps a s  they  move in  d i a s t o l e  i n  e s s e n t i a l l y  th e  same d i r e c t i o n  
tow ards th e  t r a n s d u c e r .
I n  th e  p r e s e n t  i n v e s t i g a t i o n  th e  d ia g n o s i s  of m itra l ,  s t e n o s i s  w.is never 
i n  doubt and a p a r t  from i d e n t i f y i n g  p o s t e r i o r  l e a f l e t  c a l c i f i c a t i o n ,  th e  
p o s t e r i o r  cusp echogivmi p ro v id e d  no u s e fu l  i . r f  o n n a t ic n .  I n  p a r t i c u l a r ,  th e  : e 
v/as no ev idence  t h a t  p o s t e r i o r  cusp m o b i l i ty  co u ld  b e  a s s e s s e d  frcrn i t .
B ecause , t h e o r e t i c a l l y , th e  d i r e c t i o n  cf  p o s t e r i o r  l e a f l e t  move.iient 
might be expec ted  tc  r e t u r n  to  normal a f t e r  s u c c e s s f u l  va lvo tcm y , d  
p a r t i c u l a r  e f f o r t  v/as made to  r e c o rd  th e  p o s t e r i o r  cusp  echogram p o s t - c p e r a t i v e l y .
I n  every  c a s e  th e  a n t e r i o r  and p o s t e r i o r  cusp echoes moved i n  th e  same d i r e c c i c n  
b e f o r e  o p e r a t io n  and d e s p i t e  s u c c e s s f u l  valvotorny, the  ab n o rm a li ty  p e r s i s t e d  in  
each,
In te rp i -e te r l  i n t e l l i g e n t l y  i n  th e  c l i n i c a l  c o n te x t ,  echo ca r d i  eg r ^ h y  car. go 
a  1 ong way tow ards  r e p la c in g  c a r d i a c  c a t h e t e r i s a t i c n  i n  th e  assessm en t o f  th e  
rh eum atic  m i t r a l  v a lv e .  I n  e s sen ce  i t  p ro v id e s  d i r e c t  in fo rm a t io n  on the  s t r u c t u r e  
and f u n c t io n  c f  the  v a lv e ,  from which th e  hac.modynamic e f f e c t s  can  b e  impli.ed.
I t s  scope i s  i n c r e a s in g  a s  u l t r a s o u n d  measurements of l e f t  v e n t r i c u l a r  s i z e  and 
perfo rm ance  a r e  v a l i d a t e d .  I t  t h e r e f o r e  makes economic se n se  t h a t  c a r d i . c l o g i s t s  
should become f a m i l i a r  v /i th  d e t a i l s  c f  the  m ethod , i t s  a p p l i c a t i o n s  and l im i . t a t io n s .
Summary
M i t r a l  echograms were r e c o rd e d  b e f o r e  (37 p a t i e n t s )  and a g a in  a f t e r  (35 p a t i e n t s )  
m i t r a l  v a lv o to q y .  F o llow ing  o p e r a t io n ,  echogram am p litu d e  was unchanged and th e  
m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  i n c r e a s e d  b u t  remained subnorm al.
The fo l lo w in g  c o n c lu s io n s  were reached  from a  com parison  of th e  o p e r a t iv e  and  
th e  e c h o c a rd io g ra p h ic  f i n d i n g s : -  l )  W hile m ild  and haem odynaciically s i g n i f i c a n t  
m i t r a l / , , .
m i t r a l  s t e n o s i s  can  be d i s t i n g u i s h e d ,  m oderate and sev e re  s t e n o s i s  canno t be 
d i f f e r e n t i a t e d  on the  b a s i s  o f  th e  d i a s t o l i c  c lo s u r e  r a t e ,  2) P ro v id e d  t h a t  
th e  cusps  a r e  p l i a b l e ,  p u re  m i t r a l  s t e n o s i s  can be d i f f e r e n t i a t e d  
echocard:? o g r a p h ic a l l y  from predom inan t s t e n o s i s  witli m inor r e g u r g i t a t i o n ,
3) A n te r io r  b u t  n o t  p o s t e r i o r  cusp  echogram am p li tu d e  i s  an index  of cusp 
m o b i l i ty ,  4 ) There a r e  no e c h o c a rd io g ra p h ic  f e a t u r e s  d io g n o s t i c  o f  s u b v a lv a r  
s t e n o s i s ,  5 ) U l t ra s o u n d  i s  s u p e r i o r  to  f lu o ro s c o p y  i n  th e  d e t e c t i o n  o f  m i t r a l  
c a l c i f i c a t i o n ,  6) U ltra s o u n d  d i f f e r e n t i a t e s  r e l i a b l y  between p a t i e n t s  s u i t a b l e  
f o r  c lo s e d  m i t r a l  valvotorny and th o s e  r e q u i r i n g  open valvotcm y o r  m i t r a l  'u lv e  
rep lacem en t.
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TABLE 5,1
SEVERITY O F  STENOSIS  AT O PE R A T IO N  
A N D  THE PRE-OPERATIVE DCR
Severity of 
Stenosis
Number of 
Patients
Pre-operative DCR m m /sec.  
Range Mean
Group 1
Mi Id 3 18 -  56 35
Moderate 12 6 - 5 0 20
Severe 9 3 - 2 8 13
Group 2
Moderate 5 1 -  30 17
Severe 8 4 - 1 6 8
TABLE 5 , 2
RELIEF O F  STENOSIS A N D  THE POST-OPERATIVE DCR
Q uality  of 
Valvotomy
Number of 
Patients
Post-operative DCR mm/sec . 
Range Mean
Group 1
Excel lent 3 43 -  70 58
Good 10 40 -  66 50
Fair 5 3 8 -  67 48
Poor 3 3 0 -  54 41
Group 2
Good 5 17 -  56 37
Fair 6 10 -  53 28
Poor 2 13 -  20 17
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F I G .  5 , 8  C O M P A R I S O N  O F  E C H O C A R D IO G R A PH IC  
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FIG . 5 , 1 4  RECORDS BEFORE A N D  AFTER CLOSED V A L V O T O M Y  
IN TW O PATIENTS WITH MITRAL C A L C I F I C A T I O N .  
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A N D  OPER A TIO N  WAS SUCCESSFUL.
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FIG. 5,15 THE DIRECTION O F  CUSP M O V E M E N T  IN 
THE RHEUMATIC MITRAL VALVE.
TFR T^ ;x-2TI0 VAIVE DTFKASE
The f e a t u r e s  of th e  m i t r a l  echc^rerr. i n  a o r t ic :  v o lv e  CJrsrate have b e e r  
d e s c r ib e d  ( / . ' i r s b e r r  ard  M ercer, 1?71; P r i d i e ,  Benham a rd  Oa'cley, .l?7l)*
Irj p a t i e n t s  v /ith  a o r c i c  r e g u r g i t a t i o n ,  f u n c t i o n a l  and o rg an ic  m i t r a l  
d i a s t o l i c  murmurs can bo d J f fo o c n L is te d  by u l t ra so u n d  ( P r i d i e  e l  a ] . ,  }?7 l)«
The m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  i n a o r t i c  ro g u rg l ta + io n  h as  beer, found to  
be  r e l a t e d  to  the  1 e f t  v e n t r i c u l a r  strc lce  volume (Z iady  c l  a l .  , l ;-73)t There 
i s  ev idence t> a t  reduced  l e f t  v e n t r i c u l a r  com pliance i s  r e f l e c t e d  in  a 
slovdng of the d i a s t o l i c  c l o s u r e  r a t e  of th e  ro n - rh eu m a tic  v a jv c  (Porp  and 
H a r r iso n ,  19o9; L ay ton  e t  e l . ,  1 9 7 : ) .  I n  thecry, t h e r e f o r e ,  th e  m i t r a l  
d i a s t o l i c  c lo s u r e  r a t e  sh o u ld  p ro v id e  an i n r e x  cf  the  s e v e r i t y  of i s o l a t e d  
a o r t i c  s t e n o s i s .  These o b s e r v a t io n s  sAgyest t h a t ,  u l t r a s o n i c  a sse ssm en ts  
o f  l e f t  v e n t r i c u l a r  s i z e  and pe rfo rm ance  o p a r t ,  ochix::nrii cy rap.ùy c f  the  
m i t r a l  v a lv e  can  by i t s e l f  make an im p o r tan t  c o r t r i .b u t io r ,  to  th e  i n v e s t i g a t i o n  
o f  p a t i e n t s  v.dth p redom inan t a o r t i c  v a lv e  d i s e a s e .
The f i r s t  aim of the p r e s e n t  s tu d y  v/as t o  i n v e s t i g a t e  the  r e l i a b i l i t y  c f  
m i t r a l  v a lv e  ochoco.rdicgraphy b o th  i n  the i n d i r e c t  a s sessm en t of th.e a o r t i c  
l e s i o n  and in  the d i r e c t  a s se ssm en t of t ':e  m i t r o l  v a lv e  i n  p a t  i  ont a -..Ith 
p redcrrJnant a o r t i c  v a lv e  d i s e a s e .  The second, aim ',-.v.s to  cora|<a.re the  
c o n t r i b u t i o n s  o f  c l i n i c a l ,  hacmodynamic and u l t r a s o n i c  i n v e s t i g a t i o n s  and 
th u s  to  iT.viev,' t h e  r o l e  of c a r d i a c  c a t h e t e r i s a t i o i r  iîi the  a ssessm en t cf 
p a t i e n t s  v /i th  p redom inan t a o r t i c  v a lv e  l e s i o n s .
t 'a .t i e n t 3 ( ^ h l  es  ^ 1 ,  6.2  a r t  6 , i )
54 p a t i e n t s  v.ith predom inan t a o r t i c  v a lve  d i s e a s e  were s tu d ie d .  52 cf them 
underwent hcemcdynamic i n v e s t i g a t i o n  in c lu d in g  c in ean g io g rap h y  ( T .d le s  6 ,1  and 
6 ,2 ) .  Combined l e f t  and r i g h t  h e a r t  c a th e t  ori sa ti .on  vas c a r r i e d  out i n  26 c a se s  
and l e f t  i ie a r t  c a t î ^ a t u r i s a t i c n  in  6, I n  20 ins tance.?  th e  a o r t i c  v a lv e  cc 'i ld  n e t
be  t r u \  e r s e l  (xaL^e 6 , l ) ;  d i r e c t  caru .iac  p u n c tu re  vas perfo rm ed  i n  5 ca se s  a t  th e  
s.anc p ro c e d u re  and in  3 a t  a  s e p a r a t e  procedure:,
10/ . . .
19 p a t i e n t s ,  a l l  of vvhcm h a i  undergone f u l l  liaemodynamic i n v e s t i g a t i o n ,  
were r e f e r r e d  f c r  o p e ra t io n :  . 13 had  open h e a r t  su rg e ry  and one ha.d a  c lo s e d  
m i t r a l  valvotomy (T ab le s  6 ,1  and 6 , 2 ) .
M e thods
The m i t r a l  a n t e r i o r  cusp echogram was reco rd ed  u s in g  t h e  te c h n iq u e s  aryl 
equipment p r e v i  DU si;;, d e s c r ib e d  (Chap. 2 ) .  The d ia g n o s t i c  c r i t e r i a  f o r  
m i t r a l  c a l c i f i c a t i o n  and r e g u r g i t a t i o n  and the  methods of measurement of the 
am plitude  and th e  d i a s t o l i c  c lo su re  r a t e  w ere  a s  b e f o r e  (Chaps. 2 and 5 ) .
F ig .  6 ,1  shows how s y s t o l i c  c l o s u r e  of the m i t re  1 a n t e r i o r  cusp  v/s.s tim ed  
v /ith  r e f e r e n c e  to  the  o n se t  of th e  QR3 complex of th e  e l e c t ro c a rd io g ra m .
I n  th e  p a t i e n t s  ( l  -  32) who v/ere o a t h e t e r i s e d ,  u l t r a s o n i c ,  c l i n i c a l ,  
haemodynamic and, where a p p l i c a b l e ,  o p e r a t iv e  a s se s sm e n ts  were compered.
I n  th o s e  who were n o t  c a t h e t e r i s e d  (33 -  5 t ) , th e  u l t r a s o n i c  and c l i n i c a l  
a s sessm en ts  were compared. P e r  t h i s  p u rp o se ,  s t e n o s i s ,  r e g u r g i t a t i o n  and 
c a l c i f i c a t i o n  of the  a o r t i c  and m i t r a l  v a lv e s  wore g raded  as fo ilcv 'S : -  
g rade  0 -  a b s e n t ;  g ra d e  1 -  t r i v i a l ;  g rad e  2 -  m ild ; g rad e  3 -  m odera te ;
, g rade  4  -  s e v e re .
R e su l t s
 ^ Assessm ent c f  t he m i t r a l  v a l v e
I l )  P a t i e n ts  1 -  3 2
I C l i n i c a l  a s se ssm en t (T a b le  6 ,2 )
I n  3 p a t i e n t s  th e r e  was c o n f l i c t i n g  ev id en ce  end c l i n i c a l  assessm en t 
of th e  m i t r a l  v a lv e  was im p o ss ib le .  The m i t r a l  v a lv e  was th o u g h t  to  be norrr.a]. 
i n  11 c a se s  in c lu d in g  two ( l  and 21) presumed t o  have A u s t in  F l i n t  rrur.uurso 
A d ia g n o s i s  o f  i s o l a t e d  m i t r a l  r e g u r g i t a t i o n  was made i n  one p a t i e n t  and  i n  
18 cases  th e  c i i t r a l  v u lv e  was judged  to  be rheuTTiStic, th e  l e s i o n  b e in g  p u re ly  
s t e n o t i c  i n  o c f  them.
C a t h e t e r  a ssessm en t (T ab le  6 ,2 )
A f u l l  ^ v a lu a t io n  o f  the  m iL ra l v a lv e  was no t alwsys p o s s i b l e .  Thus, 
f a i l u r e  ' c e n t e r  th e  l e f t  v e n t r i c l e  p re c lu d e d  measurement o f  the  e n d - d i a s t c l i c
g rad i  e n t / . . .
g ra d ie n t  ( p a t i e n t s  22 -  j 2 )  ar.d p æ eluded  a n g io g ra p h ie  a s se s sm e n t  o f  m i t r a l  
r e g u r g i t a t i o n  i n  5 in s t a n c e s  where adeq-oate d e f t  v e n t r i c u l a r  o p a c i f i c a t i o n  
v.as not a c h ie v e d  from an  a o r t i c  ro o t  i n j e c t i o n .  F u r th e r ,  the r i g h t  h e a r t  
vas n o t  c a t h e t c r i s c d  and no a t te m p t  v/as made to  i n v e s t i g a t e  the  m i t r a l  v a lv e  
i n  6 p a t i e n t s  i n  whom i t s  n o rm a l i ty  was no t c l i n i c a l l y  i n  doub t.
B ecause  th e  e n d - d i a s t o l i c  g r a d i e n t  cou ld  not be m easured and b cc a .is e  
th e  i n d i r e c t  D.eft a t r i a l  p r e s s u r e  v.as t e c h n i c a l l y  d i f f i c u l t  to  reco rd  o r  
had an equ ivocal waveform, i t  v/as im p o ss ib le  to  confirm  o r  e .yclu ie  m i t r a l  
s t e n o s i s  i n  6 c a s e s ,  in c lu d in g  two ( p a t i e n t s  22 and 26) i n  whom no c l i n i c a l  
d ia g n o s is  had been  re a c h e d . .  D e sp i te  c a t h e . t e r i s a t i o n  of the  l e f t  h e a r t ,  an 
e q u iv o ca l  r e s u l t  v/as a l s o  o b ta in e d  in  p a t i e n t  2 v/hc wr.s th o u g h t  c l i n i c a l l y  
to  h 'r 'c  mi trad, s t e n o s i s .
M i t r a l  c a l c i f i c a t i o n  v/as i d e n t i f i e d  i n  two c a se s .
U l t r a s o n i c  a sse s sm e n t  (T a b le  6 ,2 )
M i t r c l  s t e n o s i s  co'uld b e  c o n f id e n t ly  confirm ed o r  exc luded  in  30 p a t i e n t s .
I n  one c a s e  (2 2 ) ,  th e  d larnc .-i  s of t r i v i a l  s t e n o s i s  //as t e n t a t i v e  w hile  i n  
a n o th e r  ( l 2 ) ,  th e  echogram v/as t e c h n i c a l l y  u n s a t i s f a c t o r y  and th u s  in c o n c lu s iv e .
M i t r a l  r e g u r y ; i t a t i r n  was d iagnosed  from the echograms of 4  p a t i e n t s  and 
i t s  p re s e n c e  co’o ld  not be exclude'^ in  3 -o the rs  w ith  u l t r a s o n i c  ev idence  c f  moderate 
o r  heavy m i t r a l  c a l c i f i c a t i o n  ( p a t i e n t s  10 , 11 and 20)o
M i t r a l  c a l c i f i c a t i o n  v/'^s d iagnosed  in  9 ca se s .
O p e ra t iv e  a ssessm en t ( T ab le  6 ,2 )
The o p e r a t iv e  f i n d i n g s  a r e  d esc r ib e d  i n  T ab le  6 ,2 .
Comparison of c a t h e t e r  and u l t r a s o n ic  a c s c rsm e n ts  (T a b le  6 ,3 )
I n  19 p a t i e n t s ,  the  accuracy of the c a t h e t e r  and u l t r a s c r a lc  a s se s sm e n ts  
were compared in  th e  l i g h t  of th e  o p e ra t iv e  f in d i n g s  (T ab le  6 , 3 ) .
E chocard iog raphy  v/as c l e a r l y  s u p e r io r  to  c a t h e t e r i s a t i c n  i n  the  a ssessm en t
o f m itix i l  s t e n o s i s .  N e i th e r  u e t b o i  vac id e a l  f o r  th e  i n v e s t i g a t i o n  cf n d t r a l
incom petence; i t  we.s p o s s i b l e  to  m iss  im p o r tan t  r e g u r g i t a t i o n  u s in g  u l t r a s o u n d
( p a t i e n t  f ) , m ild  r e g u r g i t a t i o n  using  ang iography ( p a t i e n t  24) and t r i v i a l  
r e g u r g i t a t i o r / , . .
reg u i 'g i ta i  i c n - usiîîg  botli methods ( p a t i e n t  4 ) .  F u r th c q  i n  two in s t a n c e s  
an a n g io g ra p h ic  d ia g n o s i s  of s ig n i f i c c in t  m i t r a l  r e g u r g i t a t i o n  v/as n o t  
confirm ed a t  o p e r a t io n  ( p a t i e n t s  3 and 22). F luo roscopy  f a i l e d  to  d e t e c t  
x i t r a l  c a l c i f i c a t i o n  i n  two c a se s  w h ile  i n  two o th e r s ,  t h e  e c h o c a rd io g ra p h ie  
d ia g n o s is  c f  c a l c i f i c a t i o n  was not confirm ed.
I n  th e  13 p a t i e n t s  who v/cre not o p e ra te d ,  the  f in d in g s  a t  c a t h e t e r i s a t i c n  
and a l t r a s c n i c  e x am in a t io n  were b ro a d ly  in  acc o rd .  I t  i s ,  how ever, i n t e r e s t i n g  
to  no te  t h a t  mode imite m i t r a l  s t e n o s i s  v /i th  t r i v i a l  r e g u r g i t a t i o n  'was d iagnosed  
a t  c a t h e t e r  i n  a p a t ie n t .  ( 9) v /i th  an 'uneguivocally  normal echograi:’. and t h a t  
th e re  was e -fncca r il iog raph ic  ev id en ce  of heavy m i t r a l  c a l c i f i c a t i o n  i n  two 
p a t i e n t s  (lO  and l l )  v.i.th n e g a t iv e  f luoroscopy*
2) P a t i e n t s 33 -  54 ( T ab le  6 , 4)
The c l in i . c o l  and u l t r a s o n i c  a sse ssm en ts  o f  th e  m i t r a l  v a lv e  i n  the p a t i e n t s  
who were no t c a t h e t e r i s e d  a r e  d e t a i l e d  i n  Table  6 , t .  The r e s u l t s  a r e  w idely 
d i s c r e p a n t ;  u l t r a s o u n d  con firm ed  th e  c l i n i c a l  d ia g n o s i s  of a normal o r  of a 
rheum atic  m i t r a l  v a lv e  i n  only 8 in s ta n c e s*
Accuracy of c l i n i c a l  a ssessm en t ( P a t i e n t s  l - ÿ i )
Combirc.ng tlie r e s  L i l t s  from a l l  p a t i e n t s  and  assuming th e  u l t r a s o n i c  
d ia g n o s is  to bo c o r r e c t  i n  th e  c a s e s  where i t  was n o t  f e a s i b l e  to  con firm  i t ,  
th e  c l i n i c a l  assessm en t o f  the  m i t r a l  va lve  v.as s e r io u s ly  i n  e r r o r  i n  15 
in s ta n c e s  ( 2C^).
I I  Assessment__of th e  a o r t i c  v a lv e
Com paris on o f  c l i n i c a l  and c a t h e t e r  a sse ssm en ts  ( P a t i e n t s  1 -  32)
The c l i n i c a l  and c a t h e t e r  a sse ssm en ts  of the a o r t i c  v a lv e  a r e  d e t a i l e d  
i n  T ab le  6 ,1 ,
F u l l  haemodynamic i n v e s t i g a t i o n  of ttie a o r t i c  v a lv e  was p o s s i b l e  i n  
p a t i e n t s  1 to  20, A lthough the c l i n i c a l  and c a t h e t e r  estim::.tcs of tho 
s e v e r i t y  c f  a o r t i c  s t e n o s i s  w ere i n  p r e c i s e  acc o rd  i n  only 6 c a s e s ,  the f i n d i r g s  
were n ev e r  s e r i o u s l y  d i s c r e p a n t .  Thus, t r i v i a l  o r  m ild  s t e n o s i s  v/as s u sp e c te d
c l i n i c a l l y  i n  6 p a t i e n t s  w ith o u t  an a o r t i c  s y s t o l i c  g r a d i e n t ,  w h i le  c l i n i c a l  
exam inâti o n / , . .
exam ination  o v e r - e s t im a te d  the degree  of s t e n o s i s  by one g rade in  5 p a t i e n t a  
and u n d e r -e s t im a te d  i t  by th e  same m argin  i n  3 o th e r s .
E s t im a te s  o f  the  s e v e r i t y  o f  a o r t i c  r e g u r g i t a t i o n  c l i n a c a l l y  and a t  
c a r d ia c  c a th .e te r i  s a t i o n  v/erc i n  a c c o rd  in  20 in s t a n c e s .  V/hile a o r t i c  
r e g u r g i t a t i o n  v/as o v e r - e s t im a te d  c l i r i a i l l y  i n  ?> c a se s  :-ird u n d e r - e s t im a te d  
i n  4, a s se ssm en ts  d id  n o t  d i f f e r  by more th a n  one g ra d e ,
ThiC m i t r a l  dia.s t o l i c  c losu re  r a t e
T cch i 'd ca l ly  s a t i s f a c t o r y  ech eg ramie from which th e  mit i a l  r l i o s t c l i c  
c lo s u re  r a t e  co u ld  be measured a c c u r a t e l y  (Chep. 2) v e re  reco rd ed  i n  
21 p a t i e n t s  vrith  an i s o l a t e d  a o r t i c  l e s i o n .
The r e l a t i o n  betw een the  m i t r a l  d i a s t o l i c  c lo s u r e  r a t e  and tlie 
s e v e r i t y  of i s o l a t e d  a o i t i c  v a lv e  d i s e a s e ,  a s  judged  c l i n i c a l l y  o r  a t  
haemodynamic i n v e s t i g a t i o n ,  v/as s t u d i e d  i n  21 p a t i e n t s  (T ab le  6 , 4 ) .  Tn 
g e n e r a l ,  th e  d i a s t o l i c  c l.osure r a t e  in c r e a s e d  and d e c re a se d  v.lth  incrccasirjg 
dominance and s e v e r i t y  of a o r t i c  r e g u r g i t a t i o n  and cf a o r t i c  s ten o s i .s  
r e s p e c t iv e l y .  However, d i a s t o l i c  c l o s u r e  r a t e s  w i th in  th e  noiaial range 
were on occas ion  a s s o c i a t e d  w jth  se v e re  r e g u r g i t a t i o n  ( p a t i e n t  4V) and 
w ith  se v e re  s t e n o s i s  ( p a t i e n t  1 7 ) .
I n  7 p a t i e n t s  v/ith m ajor a o r t i c  r e g u r g i t a t i o n ,  th e  m i t r a l  d i a s t o l i c  
c lo s u re  r a t e  and the  l e f t  v e n t r i c u l a r  e n d - d i a s t o l i c  p r e s s u r e  were found to  be 
u n re la te d .  Thus, th e  d i a s t o l i c  c lo s u re  r a t e  was 333 m : /s e c  i n  a p a t i e n t  ( l )  w ith  
an  e n d - d i a s t o l i c  p r e s s u r e  c f  7 3im Hg. and 253 m:'/soc i n  a p a t ie n i .  (7) un whom 
l e f t  v e n t r i c u l a r  e n d - d i s s t o l i c  p r e s s u r e  was 31 mm Hg, S im i l a r l y ,  ne r e l a t i o n  
was o b se iv ed  between th e  m i t r a l  d i a s t o l i c  c lo su re  r a t e  and the h e ig h t  o f  the  
l e f t  v e n t r i c u l a r  e n d - d i a s t o l i c  p r e s s u r e  i n  3 p a t i e n t s  v/ith moderate o r  severe  
o .o r t ic  s t e n o s i s .
S y s t o l i c  c l o s ure  of the  m i tra l  v a l v e
S y s t o l i c  c lo s u re  cf the  m i t r a l  a n t e r i o r  cusp was tim ed  in  33 p a t i e n t s .
The r e s u l t s  were compared w ith  th o s e  from normal s u b j e c t s ,  p a t i e n t s  w ith  
i s o l â t e l / , . ,
J C . ,
i s o l a t e d  m i t r a l  s t e n o s i s ,  and p a t i e n t s  w ith  a c u te  m y o c a rd ia l  i n f a r c t i o n  
co m p lica ted  by l e f t  v e n t r i c u l a r  f a i l u r e  (F ig .  6 ,2 ) .
I n  the  nor liai s u b j e c t s ,  c lo s u r e  v/as coolpleto  0,06  to  0 ,1 0  sec  a f t e r  the 
o n se t  o f  e l e c t r i c a l  s y s t o l e .  On t h i s  b a s i s ,  c lo s u r e  v/os preiu.ature i n  l6  p a t i .c n t:  
v /i th  i s o l a t e d  a o r t i c  v a lv e  d i s e a s e .  P rem atu re  c l o s u r e  was a c o n s ta n t  f i n d i n g  
when d v ron ic  a o r t i c  r e g u r g i t a t i o n  wos s evere  and a u s u a l  f i n i j  ng when i t  v/as 
no d e r a t e .  C lo su re  p rece d ed  th e  Q wave of th e  e l e c t  r o c a r d i  cgi'ara only  v/ten 
p r o lo n g a t io n  of the  PR i n t e r v a l  o r  a t r i o l  f i b r i l l a t i o n  c o - e x i st-^d. C lo su re  
was g r o s s l y  p re m a tu re  (O ,20 sec  b e fo re  th e  Q wave) i n  the  on ly  p a t i e n t  in  the  
s e r i e s  w ith  a c u te  a o r t i c  r e g u r g i t a t i o n .  Although c lo s u r e  was u s u a l ly  normal 
i n th e  p re s e n c e  of  predomi.nant a o r t i c  s t e n o s i s ,  i t  o c c u rre d  p rematur-ely i n  
two c a se s  v /ith  PR p r o lo n g a t io n  and i n  one of th e s e  was com plete  b e fc r t ;  the 
o n se t  c f  t h e  QR3 complex.
C lo su re  was d e la y e d  i.n i s o l a t e d  m i t r a l  s t e n o s i s  b u t  o c c u r re d  norm ally  
a f t e r  s u c c e s s f u l  valvotom y and in  p a t i e n t s  w ith combined a o r t i c  and mi i. ’a l  
v a 1V R d is  ease .
I n  a c u te  m y o c a rd ia l  i n f a r c t i o n  w ith  rad i .cg raph ic  ev idence  of l e f t  h e a r t  
f a i l u r e ,  tho ix  wan no tende?:cy to  p rem atu re  c lo s u r e .  I t  sh o u ld ,  however, be 
noted t h a t  the heaii, r a t e  exceeded 80 l  e a t s /m in  and a t r i c - v o ; b r i c  i l a r  
c o n d u c t io n  was normal i n  a l l  t h e s e  p a t i e n t s .
D is c u s s io n
I t  i s  g e n e r a l ly  a c c e p te d  t h a t  c l i n i c a l  a ssessm en t o f  th e  mât r u l  v a lv e  
i s  d i f f i c . / l t  i n  th e  p re s e n c e  of a o r t i c  v a lv e  d is e a s e .  I t  i s  t h e r e f o r e  not 
sui'p r i s i r / r  t h a t  m i t r a l  d i a s t o l i c  murmurs were s e r io u s ly  m isc o n s t ru e d  in  2o$o 
c f  th e  p r e s e n t  s e r i e s  o r  t h a t  no c l i n i c a l  d ia g n o s is  was re c o rd e d  in. a  f u r t h e r  
l l y .  The shoibccm ings of c a r d ia c  c a t h e t f  r i s a t i o n  in  t h i s  c o r te c ' t  a r e ,  h c'wcver, 
p e rh a p s  l e s s  w idely  a p p r e c ia te d .  This s tudy has shewn t h a t  in  p a t i e n t s  w ith  
a o r t i c  v a lv e  d i s e a s e ,  haemodynamic a ssessm en t c f  the  m i t r a l  v a lv e  i s  b o th  
t e c l ' r i r a l l y  d i f f i c u l t  a r l  u n r e l i a b l e .  F u r th e r ,  i t  has  d em o n s tra ted  th e  c l e a r  
s u p e r i o r i t y  o f  e c b c c n r l ic g rc p h y  i n  th e  i n v e s t i g a t i o n  o f  th e  m i t r a l  v a lv e  in  
s u e t / , , .
such p a t i e n t s .
I t  can  b e  c c n c lu d e l  t h a t  echceardiogx*aphy cf th e  mit r a l  v a lv e  should  be 
a r o u t in e  part, of tbu: i n v e s t i g a t i o n  of p a t i e n t s  w i th  a o r t i c  v a lv e  d i s e a s e .  
P ro v id ed  t h a t  th e  record  c i  echogram i s  t e c h n ic a l ly  s a t i s f a c t o r y ,  the  meti. o l  
u n eq u iv o ca lly  d i s t i n g u i s h e s  a rheum atic  from a n cn -r i  eum atic  m i t r a l  v a lv e ,
V'ith c a r e ,  e r r o r s  cf  i n t e r p r e t a t i o n  can be e l im in a te d  b u t  F ig .  6 ,3  i l l u s t r a t e s  
how they  may a r i s e .  Thus, a l th o u g h  f i n e  d i a s t o l i c  o s c i l l a t i o n s  a re  p r e s e n t ,  
m i t r a l  s t e n o s i s  migh,t be  m is ta k e n ly  d iagnose!’ from th e  echogram in  P ig .  6 ,3 a .  
However, in  P ig .  6 ,3b  from th e  sar-ie i.va t i e n t ,  the m it n i l  p o s t e r i o r  cusp has 
been  reco rd ed  and can be  seen to  o s c i l l â t ®  and to  move away from t}.e a n t e r i o r  
cusp d u ring  d i a s t o l e :  m i t r a l  s t e n o s i s  i s  th u s  excluded  (Duchak, Chang and
Peigencaurri, 1972). The t r a c i r g  i n  P ig ,  6 ,3 a  5 s m i s l e a d  ng b e c a u se  i t  i s  
t e c h n i c a l l y  u n s a t i s f a c t o r y  in  t h a t  the  f u l l  am p li tude  of th e  a n t e r i o r  cusp 
echogram h as  n o t  been reco rded .
. This  s tudy  has  shown echocard iog raphy  of the m i t r a l  v a lv e  to  b e ,  i n  g e n e r a l ,  
unhel^^ful in  th e  a ssessm en t o f  an a o r t i c  v a lv e  l e s i o n .
In  a l l  t h e i r  p a t i e n t s  w ith  a o r t i c  r e g u r g i t a t i o n ,  Z iady  e t  a j .  (1973) 
observed an abnormally r a p id  m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  which they  were 
a b le  to  r e l a t e  t o  l e f t  v e n t r i c u l a r  s t r o k e  volume. However, i n  th e  p r e s e n t  
s e r i e s ,  w h i le  th e  most s e v e re  g ra d e s  o f  r e g u r g i t a t i o n  were a s s o c i a t e d  w i th  th e  
h ig h e r  d i a s t o l i c  c lo s u r e  r a t e s ,  t h e s e  r a t e s  were no t a lw a y s  abnormal (T ab le  6 ,5 ) .  
F u r th e r ,  th e  m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  and l e f t  v e n t r i c u l a r  e n d - d iu s t o l i c  
p r e s s u r e  weu'c found  to  be u n r e la t e d .
S im i l a r l y ,  a l th o u g h  th e  lo w es t  d i a s t o l i c  c lo s u r e  r a t e s  were reco rd ed  from 
p a t i e n t s  w ith  s i g n i f i c a n t  a o r t i c  s t e n o s i s  (T ab le  6 , 3 ) ,  th e  d i a s t o l i c  c l o s u r e  
r a t e  v/as w i th in  th e  normal ra^qre in  p a t i e n t s  lo  and 17 who had a o r t i c  s y s t o l i c  
g r a d i e n t s  of 75 and 120 mm Hg, r e s p e c t iv e l y .
I t  shou ld  be no ted  f i r s t l y  t i ia t  i t  may be d i f f i c u l t  to  r e c o rd  a 
t e c h n ic a l ly  s a t i s f a c t o r y  m i t r a l  echogram i n  the p re se n c e  of a o r t i c  r e g u r g i t a t i o n  
and secondly  t h a t  a c c u ra te  measurement rf’ th e  d i a s t o l i c  c l o s u r e  r a t e  cf  an 
o s c i l l a t i  n g / . , ,
o s c i l l a t i n g  m i t r a l  a n t e r i o r  cusp  may be im p o ss ib le .  For th e s e  re a so n s  m i t r a l  
d i a s t o l i c  c l o s u r e  r a t e s  w ere o b ta in e d  in  only  21 of th e  non-rhev.ur>'’. . t ic  v a lv e s  
i n  t h i s  s e r i e s ,
T/ie p r e s e n t  ev id en ce  i n d i c a t e s  t h a t  no v a l i d  c o n c lu s io n s  abou t the  s e v e r i t y  
of e i t h e r  a o r t i c  r e g u r g i t a t i o n  o r  a o r t i .c  s te n o s is ,  can be drawn from th e  d i a s t o l i c  
c lo s u re  r a t e  of th e  m i t r a l  v a lv e .
The obs e r r â t io n s  o f  P r t d i e  c t  a l ,  ( l 9 7 l )  on m i t r a l  s y s t o l i c  c l o s u r e  i r  
a c u t e . a o r t i c  r e g u r g i t a t i o n  and in  c h ro n ic  r e g u r g i t a t i o n  w ith  p r o lo n g a t io n  cf  
th e  PR i n t e r v a l  have been  c o n f irm ed  h e re .  T h e i r  c r i t e r i a  f o r  th e  r e c o g n i t io n  
of p rem atu re  c lo s u r e  v/ere ex tended  and or t h i s  b a s i s ,  p rem a tu re  m i t r a l  s y s t o l i c  
c lo s u r e  was found  to  be  a c o n s ta n t  f e a t u r e  of s e v e re  c h ro n ic  a o r t i c  r e g u r g i t a t i o n .  
However, th e  measurement o f  m i t r a l  s y s t o l i c  c lo s u r e  t im es  was found to  be  of 
only l i m i t e d  p r a c t i c a l  v a lu e ;  a c c u r a t e  d i f f e r e n t i a t i o n  o f  m odera te  flom m ild  
a o r t i c  r e g u r g i t a t i o n  v/as n o t  p o s s i b l e .
A lthough echocard iog raphy  of the  m i t r a l  v a lv e  c o r j t r ib u te s  l i t t l e  to  th e  
assessm en t of t h e  a o r t i c  v a lv e ,  o th e r  u l t r a s o n i c  te c h n iq u e s  may have more to  
o f f e r .  Tiras, u l t r a s o n i c  e s t im a te s  of th e  s i z e ,  perfo rm ance  and f i l l i r g  
c h a r a c t e r i s t i c s  o f  th e  l e f t  v e n t r i c l e  (Chap, 8) cou ld  obvious 1’ be u s e f u l  i n  
t h i s  c o n te x t .  F u r t h e r ,  i t  may be  p o s s i b le  './ith modem r e c o rd in g  methods to  
in c r e a s e  th e  r c c r r a c y  cf  t h ? in fo rm a t io n  c b t a i n o l  from th e  a o r t i c  v a lv e  
echogra:Q ( 'R insberg  and M ercer ,  1972).
C li .rJ .ca l assessm ent o f  the  a o r t i c  v a lv e  proved to  be a c c e p ta b ly  a c c u r a te  
i n  t ’ i 3 s e r i e s ,  Vfnen t r e  c l i n i c a l  exam i n  ^ t i o n ,  the e l e c t ro c a rd io g ra m  and th e  
p l a i n  c h e s t  r ad io g ra p h  were ta k e n  i n t o  acc o u n t,  ti.e s e v e r i t y  cf s t = r o t i c  a rd  
o f  r e g u r g i t a n t  l e s i o n s  waS n ev e r  s e r i o u s l y  m isjudged  (T ab ic  6 .1 ) ,
Ir. l i r e  w ith  t })0 o b s e r v a t io n s  of H a tson ,  U ry^hart  and S i d e c i s  ( ] 9 7 2 ) ,  
a o r t i c  v a lv e  c a l c i f i c a t i o n  i d e n t i f i e d  a t  f lu o ro sc o p y  was found Lo be  good 
evidence c f  im p o r ta n t  a o r t i c  s t e n o s i s .  I t  was m oreover, good ev ico n ce  t h a t  
d i r e c t  c a r d i a c  p u n c tu re  would be r e q u i r e d  f c r  f u l l  haemodynamic i n v e s t i g a t i o n
of th e  a o r t i c  v e lv e ;  in  th e  p r e s e n t  s tudy  only one s^ch c a l c - i f i c d  v a lv e  v/as 
t  r a v e r s o d / . , .
t ro v e rso d .
In  t h i s  ro id .es ,  32 p a t i e n t s  under./'^rit hacnodyrai'5 c in v e s t  5. gat io n .  I t  
e n t a i l e d  41 h o s p i t a l  ad m iss io n s  f o r  42 s e p a r a t e  p ro c e d u re s  (e x c lu d in g  
coronary  a r te r io g r -a p h y ) which o f te n  y i e l d e d  im p re c ise  o r  in co m p le te  
in fo rm a t io n  and added l i t t l e  to  th e  c l i n i c a l  and e c h o c a rd io g r rp h ic  f in d i ip - s .  
C ard iac  c a t h e t e r i s a t i o n  i s  p o t e n t i i i l l y  hazardous and in  expens ive  b o th  in. 
t e rn s  of time and of f in a n c e .  I t  shou ld  th u s  be  unde.rtaken on ly oh on i t  w i l l  
c l e a r l y  p r o v id e  a d d i t i o n a l  d a ta  r e l e v a n t  to  the  p a t i e n t ’ s manigernent: i t s
r o l e  in  the i n v e s t i g a t i o n  of p a t i e n t s  w ith  a o r t i c  v a lv e  d i s e a s e  m e ri ts  
r e - a n p r a i s r ] .
I t  i s  w e l l  e s t a b l i s h e d  t h a t  p a t i e n t s  w ith  major a o r t i c  v a lv e  l é s i o n s  may 
be  asymptomatic u n t i l  haemodynamic com pensation f a i l s .  I n  th e  abscz ce  o f  
decom pensation ar.d of symptoms, th e y  a r e  t h e r e f o r e  r e f e r r e d  f o r  c a r d i a c  su rg e ry  
on th e  b a s i s  of an assessm en t c f  th e  s e v e îû ty  of th e i . r  l e s i o n .  I n  a d u le s  tln .s  
assessm ent can  usiia.lly be made w ith  a c c e p ta b l e  accuracy  a t  the b ed s id e :  
when th e  c l i n i c a l  ev idence  i s  good, c a r d i a c  ca th e  le.LU sa t i  on s im ply  to  c o r ro b o ra te  
i l ,  i s  no t j u s t i f i a b l e .  When t h e r e  i s  n o th in g  to  su g g e s t  t h a t  the l e s io n  i s  
o th e r  th a n  v a l v a r  a ni p a r t i c u l a r l y  when th e re  5s p o s i t i v e  ev idence  t h a t  i t  i s  
v a l v a r  e .g .  a o r t i c  v a lv e  c a l c i f i c a t i o n  o r  a c o - e x i s t i n g  rh e u m a tic  m i t r a l  v a lv e ,  
th e re  i s  no heed to  d em o n s tra te  the  s i t e  of th e  ' k s io n .  Haei.icdyramic 
i n v e s t i g a t i o n  cf th e  m i’^ r a l  v a lv e  i s  u rn e c e s s a ry  because  echocard iog raphy  
p ro v id e s  th e  surgeon w ith  ad eq u a te  in fo rm a t io n  on i t s  s t r u c t u r e  and f u n c t io n .
Although i t  has been a rgued  h e re  t h a t  r o u t in e  c a r i i a c  c a t h e t e r i s a ' ’i o n  i s  
f r e q u e n t ly  redundan t in  the  i n v e s t i g a t i o n  of p a t i e n t s  v/iti. a o r t i c  v a lv e  disc-as®, 
the  same does not opp ly  to  coronary  a r te r i .og rophy  and l e f t  v e n t r i c u l a r  f u n c t io n  
s tu d i e s .  Thus, i f  t h e r e  i s  a h i s t o r y  of a n g in a ,  i f  th e  u l t r a s o n i c  l e f t  v e n t r i c u l a ;  
e j e c t i o n  f r a c t i o n  i s  reduced  o r  i f  im p a i r e i  m yo card ia l  pe rfo rm ance  i s  s u s p e c te d  
on o th e r  g ro u n d s ,  c c r c r a r y  a r t e r io g r a p h y  and l e f t  v e n t r i c u l a r  o rg io g rap h y  a r e  
c l e a r l y  in d i c a te d ,
A more r a t i o  rial deployment o f  i n v e s t i g a t i v e  re s o u rc e s  cou ld  si - ip lify
and a t  the  same tim e improve the  p re-oper^ -^ ive  assessm ent c f  p a t i e n t s  w ith  
a o r t i c  v a lv e  d i s e a s e .
buraTiar'/
M i t r a l  echograms were re co rd ed  i n  54 p a t i e n t s  with, p redom inan t a o r t i c  
v a lv e  d i s e a s e .  Of t h e s e ,  32 were c a t h e t e r i s e d  and 19 v/ere o p e ra te d .  No 
p a t i e n t  v/as r e f e r r e d  f o r  c a r d i a c  su rg e ry  w i th o u t  p r i o r  haemodynamic i n v e s t i g a t i o n .
The c a t h e t e r  and  u l t r a s o u n d  a s s e s sm e n ts  of th e  m i t r a l  v a lv e  were compared 
and t h e i r  a cc u racy  was i n v e s t i g a t e d  i n  the  l i g h t  of th e  o p e r a t iv e  f i n d i n g s .
While c a t h e t e r i s a t i o n  p ro v id e d  an ad eq u a te  a ssessm en t o f  th e  m i t r a l  v a lv e  i n  
only 17 o f  the  32 p a t i e n t s ,  rheum a tic  m i t f a l  v a l v e  d i s e a s e  v/as c o n f id e n t ly  
confirm ed  o r  exc luded  by u l t r a s o u n d  in  30 of them. From th e  opera-" iv e  f in d in g s  
i t  was concluded  t h a t  i n  t h e  c o n te x t  of dominant a o r t i c  v a lv e  d i s e a s e ,  
echocard iog raphy  i s  s u p e r i o r  to  c a r d i a c  c a t h e t e r i s a t i o n  f o r  th e  d ia g n o s i s  of 
m i t r a l  s t e n o s i s  and t h a t  m i t r a l  r e g u r g i t a t i o n  may be over looked  by e i t h e r  method.
I n  21 p a t i e n t s  v/ith  i s o l a t e d  a o r t i c  l e s i o n s ,  th e  m i t r a l  d i a s t o l i c  c lo s u r e  
r a t e  te n d ed  to  i n c r e a s e  and d e c re a s e  v/ith  in c r e a s in g  dominance and s e v e r i t y  
of a o r t i c  r e g u r g i t a t i o n  and a o r t i c  s t e n o s i s  r e s p e c t i v e l y  b u t  i t  v/as of no 
d ia g n o s t i c  v a lu e  i n  i n d i v i d u a l  c a s e s .  F u r t h e r ,  no r e l a t i o n  v/as observed  
between th e  m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  and th e  l e f t  v e n t r i c u l a r  e n d - d i a s t o l i c  
p r e s s u r e  i n  s e v e re  a o r t i c  r e g u r g i t a t i o n .  A lthough p rem a tu re  s y s t o l i c  c lo s u re  
was i n v a r i a b l e  i n  s e v e re  and u sua l i n  m odera te  a o r t i c  r e g u r g i t a t i o n ,  m ild  and 
m oderate r e g u r g i t a t i o n  c o u ld  not be  d i f f e r e n t i a t e d  on t h i s  b a s i s .  I t  v/as 
concluded  t h a t  th e  m i t r a l  echogram i s  r a r e l y  h e l p f u l  i n  th e  a ssessm en t of an 
a o r t i c  v a lv e  l e s i o n .
C l i n i c a l  a s se s sm e n t  o f  th e  m i t r a l  v a l v e  i s  u n r e l i a b l e  i n  th e  p r e s e n c e  of 
a o r t i c  v a lv e  d i s e a s e .  No c l i n i c a l  d ia g n o s i s  v/as reached  in  11^ 4 of th e  p r e s e n t  
s e r i e s  and th e  c l i n i c a l  a s s e s s m e n t ,  a s  judged by th e  e c h o c a rd io g ra p h ic  f in d i n g s ,  
v/as s e r i o u s l y  i n  e r r o r  i n  a f u r t h e r  2 8 / .
TABLE 6,1 ASSESSMENT OF THE AORTIC VALVE
C lin ica l
d iagnosis
AS AR
C ath e te r
d iagnosis
AS AR Co
O p e ra tiv e
diagnosis
AS AR Co
A ortic
valve
Aortic
valve C ard iac
Surgery troversed ptfscture
A .B .
E .D .
A .G .
C .M .
P .C .
M .C .
S .L .
T .S .
W .M cK .
W .W .
M .R .
J .R .
AVR
AVR
AVR
AVR
13
14
15
16
17
18
19
20
J . S .
J .W .
A .T .
A .B .
J .R .
M .T .
E .B .
R .H .
AVR 
AVR 
AVR 
V alvotom y 
AVR 
AVR
21
22
23
24
25
26
27
28
29
30
31
32
A .A . 
E .F .  
H .B . 
A .M .
D .C .  
J . C .
A .P .  
M .W .
E .T . 
M .B .
B .M cK . 
R .G .
AVR
AVR
AVR
AVR
AVR
AVR
TABLE 6 , 2  ASSESSMENT O F  THE MITRAL VALVE
C lin ica l 
d iagnosis 
MS MR
C ath e te r  
d iagnosis 
MS MR Co
U ltrasound 
diagnosis 
MS MR Co
O p e ra tiv e  
d iagnosis 
MS MR Co
M itra l
va lv e
surgery
c lo sed  valvotom y 
open valvotom y 
open  volvotomy__
open valvotom y
MVR 
open volvotom y 
open valvotom y 
MVR
* N o  r ig h t h e a rt c a th e te r
TABLE 6 , 3  ACCUR AC Y O F  CLINICAL A N D  ULTRASONIC 
ASSESSMENTS IN 19 OPERATED PATIENTS
M it ra l  Stenosis M i t r a l  R egurg i t a t ion C a l c i f i c a t i o n
C a t h e t e r U C G C a t h e t e r U C G C a t h e t e r U C G
1 y y y y y2 ? y y y y y3 y V X y y y4 V X X y X5 y y y X X y6 y y y y y y13 y y y y y y14 y y y y y y15 \ / y y y y16 > / y y y y y17 y y y y18 \ / y y y y y21 y y y y y22 ? X X y y y23 ? y y X y y24 ? y X y y y25 ? y y y y X26 ? y y y X y27 y y y y y
TABLE 6 , 4  C O M P A R I S O N  O F  CLINICAL A N D  ULTRASONIC 
ASSESSMENTS IN PATIENTS N O T  CATHETERISED
C l i n i c a l  Dia;gnosis U l t ra sound  Diagnosis
AS AR MS MR MS MR Co
33 R . M . 2 3 ? 0 0 0 0
34 S . M . 3 3 ? 0 0 0 0
35 A . B . 3 2 ? 0 0 0 0
36 J . H . 0 4 0 0 0 0 0
37 J . E . 1 4 2 0 0 0 0
38 J  . G  • 3 2 2 0 0 0 0
39 M . S . 2 2 3 0 0 0 0
40 L . B . 4 2 2 0 0 0 0
41 G  . G . 2 3 2 0 0 0 0
42 W . G . 2 4 3 2 0 0 0
43 C . G . 2 4 3 3 0 0 0
44 C . M c E . 1 4 2 2 0 0 0
45 J . L . 3 3 2 3 0 0 0
46 A . N . 2 3 3 0 0 0 0
47 A . O . 3 2 3 0 2 2 0
4 8 G . M . 2 3 4 0 3 2 2
49 E . M c A . 3 2 3 3 3 0 0
5 0 E . D . 2 2 0 0 0 0 0
51 A . T . 2 2 0 0 0 0 0
5 2 C . M c D . 3 2 0 0 0 0 0
53 J  . G . 3 2 0 0 0 0 0
5 4 E . O . 3 3 0 0 3 0 0
(1 ' J,- î-ff t -r'f t-»r Î1 r ï: f■?" r ' r'? -'fr • • • 4? 4 H* ' * r * < • 'L * • I»
:  . .  :  . :  ■ :  *  :  :  :  ,  :  •
P C  :il>(fe*. 4 4 ^ t ,:i
L V
V â f^ y ü  ,A  :  L V * '- 'C lO H
F I G .  6 ,1
 ^ ^ ^ r ’- ' - r u s i
METHOD USED TO TIME MITRAL SYSTOLIC CLOSURE
TABLE 6,5 MITRAL DCR IN AORTIC VALVE DISEASE
DCR
mm/sec . AR AS
43 350 4 2
1 338 4 0
37 330 4 1
21 280 4 2
51 266 2 2
7 255 4 0
31 233 3 2
2 232 4 0
44 219 4 1
50 210 2 2
33 200 3 2
32 196 3 2
17 190 0 4
39 170 2 2
16 170 0 3
27 160 3 4
52 125 2 3
35 80 2 3
46 75 3 2
40 43 2 4
22 35 3 3
DCR Normal 
Range
No. of Patients
10-m 5
04
5
O
5 -
0
5
O
ISOLATED AORTIC 
VALVE DISEASE
AR + MS
LVF(AMI)
POST VALVOTOMY 
MS
,_Mâ.
NORMALS
0 24 0-16 0 08 0 0 08 016 0 24 Sec.
I
BEFORE ONSETQRS—RA FTER
FIG. 6,2 MITRAL SYSTOLIC CLOSURE TIMES
AC
PC
AC
(a)
vV,,
(b)
FIG . 6 , 3  -  See  Text
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isinm ic m iro Tr;or,NPEi'Ti:cE
The c l i n i c a l  f e a t u r e s  c f  n c n - rh o a ra b io  a u h v a lv a r  n d . t r i l  iccoTipctcnco 
a r c  v/oll e s t a b l i s h e d  (R a f tc r y ,  Oakley ar.d Goodwin, I 76O; Oaves, S a t  te n  and 
P u rc th ,  1075) ,  Tt i s  most oommonlj/ i d i o y a t h i c ,  p o s t - i n f e c t i v e  ce ischaem ic  
(Caves c t  ;al. , 197.") « I t  i s  p o s s i b l e  t h a t  th e  isch ae m ic  mit r a l  r é g u r g i t â t "  on 
a s s o c i a t e d  w ith  a c u te  m yocard ia l  i n f a r c t i o n  and t h a t  a s s o c i a t e d  w i th  p re v io u s  
i n f a r c t i o n  have d i f f e r e n t  ncchaiiism s. Thuc, in  a c u te  m y o card ia l  in f a i 'C t i r n .  
p a p i l l a r y  muscle r u p tu r e  (S a n d e rs ,  K eubucrgcr and R avin , 1757; Caves c t  a d . ,  
l ? 7 v ) ,  p a p i l l a r y  m uscle  i n f a r c t i o n  ( l a f t e r y  e t  a l . , 1566) and p ' p i l l a ry  
muscle icchaem ia (L u rch ,  De P a s q u a le  and P h i l l i p s ,  3563) p ro d u c t  v raq 'irg  
deg rees  o f  n ii ti-a l r e g u r g i t a t i o n .  I n  c o n t r a s t ,  i n  p a t i e n t s  p r e ^ e u l i r g  v.ith 
p r rv io u o  i n f a r c t i o n  nr ni su b v a lv a r  incom petence, th ore i s  l i t  b le e v id en ce  of 
p a p i l l a r y  m uscle f i b r o s i s :  i n s t e a d ,  tiie chci'dac Lend:ncae to  t h e  m i r r a l
a n t  e r i c r  cusp a r e  s t r e t c h e d  o r  ru p tu re d  and t h e r e  I s  consequen t cusj p ro la p s e  
(Caves o t  a ] . . , l ? 7 i )*
The p r e c i s e  mechanisms of s u b v a lv a r  m i t r a l  r e g u r g i t a t i o n  have been  th e  
s u o je c t  of riuch s p e c u la t i o n  (B urch , Dc P a sq u a le  and P h i l l i p s ,  3.965; Ca-ces c t  
a l e ,  3B73) b"'t remain une®r t a i i u  ang.i.ogruphy has  b een  u n h e lp fu l .  M i t r a l  
va lve  echocard iog raphy  might rea so n a b ly  be e^piectoi to  e l u c i d a t e  th e  p ro b le  . 
T a l l u y , , De Pasqu.ale end Burch (1972) have n e a s u r e l  th e  tnibx-al di .as to l i e  c l o s u r e  
r a t e  i n  a c u te  p a p i l l a r y  m uscle  d y s fu n c t io n  .and Cchn and h.is c o - ’.vorhers have 
d e s c r ib e d  the  echocard iogram  i r  l  o th  ch o rd a l  r u p tu - e  (Sweat.c.an e t  c l . ,  1572) 
and p a p i l l a i y  muscle, d y s fu n c t io n  (B urgess  c t  a l .  , 3 975). However, th e s e  
i n v e s t i g a t i o n s  have f a i l e d  to  d e f in e  e c h c c a rd ic g r^ ^ h ic  f(...atures d i a g n o s t i c  of 
s u b v a lv a r  - ; i t r a l  r e g u r g i t a t i o n  and have p ro v id e d  l i t t l e  new in f  on lo.tion on i “:s- 
mechanics.
The aim of tbo pro  can t  s tudy  was to  rev iew  th e  echccardj.cryrayhic 
f iw 'l i rg 3  i n  a group of p a t i e n t s  v /ith  ischaem ic  m.i t r a l  i.nconp®-* cr.re.
P a t i e n t s
8 p a t i e n t s  v, e re  c t u h i f i :  th e  c l i r i e a l  f e a t u r e ?  and th e  e l e ^ t ix c a r f - 'c g r a r r d  c
ard  r a d io g ra p h ic  f in d i n g s  a re  summarise '’ i n  T ab le  7 ,1 .  None had a h i s t a r y  
c f  rteizs '.atic f e v e r  and a l l  h''.! Q wave ev idence of m yccard la l  i t r - i i 'o t i c n ,  None 
o f  th e  p a t i e n t s  underwent hacmodynanic o r  a rc iogrB .ph ic  i n v e s t i g a t i o n .  A l l  
excep t Case 1 have d ied :  pos t-m ortem  'r'-'srvânaLiens v/ere c a r r i e d  cut in  Cases 2 and 7,
Case 1 developed  slgzis of m i t r a l  ? < y :u rg i ta t ic n  and c a r d i a c  decom pensation 
t h r e e  days a f t e r  i n f e r i o r  rij o c a r d i a l  i n f a r c t i o n .  I , e f t  h e a r t  f a i l u r e  rcspo ir led  
to  s ta n d a rd  m ed ica l t r e a tm e n t  and a t  fo l lo w -u p  6 months l a t e r ,  th e  murmur had 
d im in ish ed  3n î n t ' . n s i t y .
C ase  2 who v/as on a n t i - f ' a i l u ^ e  th e ia p y  foilov/i.ny a p r e v io u s  r ry c c a rd ia l  
i n f a r c t i o n ,  developed  g ro s s  puluc nary  oedema on the  second day of an a c u te  
i n f e r i o r  ir fa ix fo  and d ie d  one day l a  lo r .  Me murmur was d e t e c t e d  bu t b o th  re c e n t  
and o ld  i n f a r c t s  iivvolving t h e  p o s t e r i o r  papal larp^ m uscle  v/ere demons k ra te d  a t  
p o s t- ' i io r t  eu.
C ases  3 to  3 p r e s e n te d  v/ith a u s c u l t a i  cry  ev idence  cf m il r a l  r e g u r g i t a t i o n :  
p.honocarhl ograms v/ere re c o rd e d  in  C ases  *■. (F ig .  7 , 2 ) ,  5 , 6 and 7 and i n  each 
i n s t a n c e  d e n o n s trs i te d  a  p a n s j / s t c l i c  disacnd-GV'apf d murmur a t  the  m i t r a l  a r e a .
1 p a t i e n t s  v/ere i n  s in u s  rhythm and 3 had e l e c t r o c a r d io g r a p h ic  ev id en ce  cf 
l e f t  a t r i a l  h y p e r tro p h y .  A l l  v/ere decom pensated and a l l  had a t  l e a s t  
n c d e r a tc  c a r d i a c  en la rgem ent.  Fduoroscopy d e t e c t e d  a c a l c i f i e d  aneurysm 
o f  th e  a n t e r o - l a t e r a l  a s p e c t  of th e  l e f t  v e n t r i c l e  i n  Case S (F ig .  7 ,3 )  and 
h y p o k in e t ic  a r e a s  a t  th e  same s i t e  i n  Cases  3 an" 6, Pos t-m ortem  exam ination  
i n  Case 7 d e m o n s t r a te i  a sh runken, f i b r o t i c  p o s t e r i o r  p a p i l l a r y  m uscle  and 
marked l e f t  a t r i a l  d i l a t a t i c r . ,
M ethods
M i t r a l  echograms were reco rd ed  i n a l l  p a t i e n t s .  I n  a d d i t i o n .
s a t i s f a c t o r y  s im u l ta n e o u s  re c o rd s  frcmi th e  i n t e r v e n t r i c u l a r  septum and tie- 
l e f t  v e i ' t r.ic'.ü.ar p o s t e r i o r  w a l l  v/ere o b ta in e d  i n  3 c a s e s .  The oquipm ent, 
te ch n iq u e  a rd  re c o rd in g  methods v/ere a s  p r e v io u s ly  d e s c r ib e d  (Chaps, 1 and 2 ) ,  
Measüi'Lments wej>--- made a s  f o l l o w s : -  th e  m i t r a l  d i a s t o l i c  c l o s u r e  r a t e  a s  
d e t a i l e d  i n  C lny , 2, th e  t o t a l  a m p li tu d e  of t)ic m i t r a l  e ch ogr.ua by th e  method 
of F i l e r  ( 1967) ,  t h e  d i a s t o l i c  e::cursj.on of th e  a n t e r i o r  cusp  a s  d e s c r ib e d  
in  Chap, 3 o.rJ lc .f t  v e n t r i c u l a r  d im ens ions ,  volumes and e j e c t i o n  f r a c t i o n  
by th e  '■■•cthcis of Pombo, Trey and R u s s e l l  ( l 9 7 l ) ,  w ith  th e  minor m o d i f i c a t io n  
t h a t  th e  Gh:>ries-t d i s t a n c e  between th e  e n d o c a rd ia l  s u r f a c e s  of the  i n t e r v e n t r i c u l a r  
septum and th e  l-®ft v e n t r i c u l a r  p o s t e r i o r  w a l l  v/as used a s  a measure c f  e n d - s y s to l ic  
dimension^
Resul t s
The r e s u l t s  hove been  t a b u l a t e d  (T ab le  7 ,2 ) .
1 . The mi r a l  vu '^ .v e 
Amp]itude
T}iC mean t o t a l  a m p li tu d e  of th e  m i t r a l  echogram was 2 2 .A -  3 .4  mm. This  
i s  s i g n i f i c a n t l y  lo w er  (P<CO, 301 ) th s n  t h e  mean v a lu e  (2 1 .1  -  4 ,3  nm) observed  
i n  a  s e r i e s  of n o r i a l  s u b j e c t s  (Chep. 8 ) .  The near  d i a s t o l i c  e x c u rs io n  of the  
a n t o r i c i '  cusp , 18 .7  -  2 .6  xm was a l s o  s ig n i_ f ica r . t ly  (P<~0, lO l)  below normal 
(Chap, 8 ) ,
D i a s t o l i c  c lo s u r e  r a t e
The mean m i t r a l  d i a s t o l i c  c lo s u r e  r a t e  was 317 ~ 33 m i /s e c .  T h is  i s  
s i g n i f i c a n t l y  h ig h e r  (P < ^ 3 .13]) th a n  th e  mean v a lu e  (176 -  29 m-'/sec) 
observed  in  -a ' s e r ie s  of normal s u b j e c t s  (Char. 2)
S y s t o l i c  eus." a ? ? o s i t i c n
Normal s y s t o l i c  a p p o s i t i o n  c f  the  a n t e r i o r  and r e s t e r a  or ruitra.1 
l e a f l e t s  v/as d e m o n s tra te d  in  rone o f  the  p a t i e n t s  (N igs .  7 ,1  to  7 , 3 ) .  I r  
4 i n s t a n c e s ,  th e  r e ] a t i v e  p o s i t i o n s  of th e  cusps  appeared  to  r e v e r s e  du ring  
s y s t o l e .  Thus, i n  s y s t o l e ,  t h e  p o s t e r i o r  cusp echogram a p p a re n t ly  a rc h e d
fo rw ards  ar.d v/as re c o rd e d  in  f r o n t  of th e  a n t e r i o r  cusp echC;gr.am r-hich v®ws 
f l a t / . . .
f l a t  o r  sagged  p o s t e r i o r l y  (F ig ,  7 ,1 ,  Case 3 and P ig .  7 , 2 ) .
D i a s t o l i c  o s c i l l a t i o n  
A r a p id ,  f i n e ,  d i a s t o l i c  o s c i l l a t i o n  cf the roi.t?al a n t e r i o r  and 
p o s t e r i o r  cusp echograms was ob se rv ed  i n  a l l  th e  p a t i e n t s .  The 
o s c i l l a t i o n  was obv ious  on b o th  th e  A and TP scans: i t  i s  p a r t i c u l a r l y
w e l l  seen  i n  th e  tro '- 'ings from p a t i e n t s  2, 4  and S (P ig s ,  7 ,1 ;  7 ,2 ;  and
7 ,3 ) .
I I .  Ti)G l e f t  V cntr i c l e
V en tr i c u l a r  v olumes a r l  th e  e j e c t i o n  f r a c t i on 
Compari:%g th e  r e s u l t s  w i th  th o s e  from a s e r i e s  of n o r x a l  s u b je c t s  
(chap, 8 ) ,  e n d - d i a s t o l i c  volume was in c re a s e d  i n  4 p a t i e n t s  w h ile  e j e c t i o n  
f r a c t i o n  v/as s e v e re ly  reduced  and c r .d ~ sy s to l ic  volume was in c r e a s e d  in  
a l l  3.
I n t e ia /e n tr i c u l a r  septum 
I n  c a s e s  3 ,  6 and 8, maximal p o s t e r i o r  d isp lacenern t cf th e  i n t e r v e n t r i c u l a r  
s e p tu s  o ccu r red  i n  e a r l y  d i a s t o l e  i . e .  s e p t a l  m otion was r e v e r s e d .
Di s c u s s io n
I n  a sm a l l  s e r i e s  c f  c a s e s  o f  p o s t - i n f a r c t i o n  ::i t r a l  r e g u r g i t a t i o n  (Caves 
and Pan e t  h, 1973; Caves e t  a l . ,  1973) ,  im pairm ent of l e f t  v e i l r i c u L n r  f u n c t i o n  
was i n v a r i a b l e  and l e f t  v e n t r i c u l a r  aneurysm v/as common. The u su a l  o p e ra t iv e  
f i n d in g s  were s t r e t c h i n g  or r u p tu r e  of th e  a n t e r i o r  cusp chordae : th e re  was
l i t t l e  ev idence  o f  p a p i l l a r y  m uscle  f i b r o s i s .  These o b s e r v a t io n s  te n d  tc  
s u tp o r t  ui.e t h e o r i e s  c f  Burch e t  a l .  ( ifvC  and ly fB ) on th e  c a u s a l  r o l e  of 
botl'i l e f t  v e n t r i c u l a r  d i l a t a t i o n  a n d  l e f t  v e n t r i c u l a r  aneurysm  in  su b v a lv a r  
ra i t r ' - l  incom petence b u t  su g g e s t  t h a t  th e  same worker's may have  o v e r -e s t im a te d  
th e  im portance  of p a p i l l a r y  m uscle f i b r o s i s  i n  th e  c o n te x t  of p re v io u s  i r f a r c t i o r  
There i s  th u s  ev idence  t h a t  th e  m i t r a l  r e g u r g i t a t i o n  a s s o c i a t e d  w ith  p re v io u s  
m yocard ia l  i n f a r c t i o n  i s  a n a to m ic a l ly  and f u n c t i o n a l l y  d i s t i n c t  from o th e r  
ty p e s  of s u b v a lv a r  incom petence.
Angiography and p r e s s u r e  measurements were n e t  f e a s i b l e  i n  th e  p r e s e n t  
s t u d y / . . .
stud^'-. The diagnoGin o f  isch aem ic  s u b v a lv a r  m i t ro ]  incom petence v/as t ’-'us 
c f  n e c e s s i t y  c l i n i c a l  and v/as b a s e d  on une qui vocal, o l e c t r c c a r l i o g u a p h i c  
ev idence of m y o c a r l la l  i n f a r c t i o n  and, v/ith the  ex ce p t io n  c f  Case 8 i n  whom 
th e  m i t r a l  murnur v/as v a r i a b l e ,  on c l a s s i c a l  s ig n s  / f  m i t r a l  r e g u r g i t a t i o r .  
Mitimil r e g u r g i t a t i o n  v/as presumed to  be due to  a c u te  p a q j i l l c iy  mus c l  e iscb ae m ia  
o r  i n f a r c t i o n  i n  Case 1 and to  p a p i l l a r y  m uscle  f i b r o s i s  i n  th e  c a s e s  examii^ed 
pcst-m orLon, I . e f t  v e n t r i c u l a r  d i l a t a t i o n  G.nl l e f t  v e n t r i cubar  d y s k in e s i s ,  
which v/as d em o n s tra ted  i n  t h r e e  i n s t a n c e s , ’ v/ere th o u g h t to  be  p o ss ib le ,  c a u s a l  
f a c t o r s  i n  th e  remai.ning p a t i e n t s .
I n  view of the  f in d in g s  on th e  p l.o in  c h e s t  x - r a y  and a t  fluciror<®opy, t.l;e 
in c r e a s e d  l e f t  v e n t r i c u l a r  d im ensions  d em onstra ted  by u l t r a s o u n d  v/ere obv io u s ly  
to  be ex p ec ted .  The c o n s i s t e n t l y  lew e j e c t i o n  f r a c t i o n s  a r e  ir .  l i n e  w ith  
a? g io g ra p b ic  o b se r ’/ iv t icns  i n  p o s t - i n f a r c t i o n  m i t r a l  incom petence (Omves e t  a ] . , , 
1973) .  I t  sh o u ld ,  hov/e-ver, be n o te d  t h a t  s e p t a l  m otion v/as abnerm ^l i n  
3 i n s t a n c e s  and t h a t  th e  r é d u c t io n  i n  e j e c t i o n  f r a c t i o n  siay th e r e f o r e  have 
been  o v e r - e s t im a te d .  IV/o of th e s e  ca se s  had a n t e r o - s e p t a l  i . n f a r c t s  b u t  th e  
t h i r d  had  no e l e c t r o c a r d i o g r a p h i c  abnormality '' t c  e x p la in  the r e v e r s a l  cf 
s e p t a l  movement.
M i t r a l  echogram a m p li tu d e  and l e f t  v e n t r i c u l a r  vol'umes a r e  n e g a t iv e ly  
c o r r e l a t e d  (Chap, 3 ) :  abnoim.ally lew v a lu e s  ?'erc r e c o rd e d  i n  the  p-''ost n t
s tudy  when th e  c a r d i c - th o r a c i .c  r a t i  0 exceeded B.urch e t  a l .  (1S'6S)
have p o s t u l a t e d  t h a t  i n  th e  p r e s e n c e  of l e f t  v e n t r i c u l a r  d i l a t a t i o n ,  
ccnw ruc t ion  cf th e  p a p i l l a r y  m usc les  may p roduce  downward t r a c t i o n  on th e  
m i t r a l  cusps  i n  s y s t o l e .  I t  I.as been  shown i n  the  c a n in e  h e a .r t  t h a t  th e  
su b v a lv a r  a p p a r a tu s  r e s t r a i n s  th e  a i t r a l  l e a f l e t s  d u r ing  b o th  d i a s t o l e  and  
s y s t o l e  (P a d u la ,  Cc//an and Ca*aiGhion, i 960) ,  hence , i t  i s  s u g g e s te d  t h a t  
c h o rd a l  s t r e t c h i n g  w ith  consequen t r e s t r i c t i o n  of d i . „ o tc l i c  cusp  e-xc..u'sion 
may occu r  a s  a d i l a t e d  l e f t  v e n t r i c l e  f i l l s .  These t h e o r i e s  co'dLd e x p la in  
b o th  th e  lew t o t a l  echogram a m p li tu d e  and th e  low d i a s t o l i c  e x c u r s io n  c f  th e  
a n t e r i o r  cusp observed  h e re  and i n  o th e r  s t u d i e s  (.Burgess e t  a l . ,  1973; M iliw '-r .  
Mclja/.rin and Grudge, 1973)«
TThilq/* ..
VAiilc d i a s t o l i c  o s c i l l a t i o n  of the  m i t r a l  cusps  i s  a  c o n s ta n t  f e a t u r e  
c f  i.schae.'dc m i t r a l  incom petence, i t  has a l s o  seen o b s e rv e i  i n  su b v a lv a r  
r e g u r g i t a t i o n  o f  d i f f e r e n t  a e t io lo g y  (F ig .  3 , 8 ) .  The o s c i l l a t i o n  i s  
more rvtpid th a n  i s  u s u a l  i n  a o r t i c  r e g u r g i t a t i o n  and i s  so s t r i k i n g  t h a t  
i t  i s  surjirisd .ng i t  has n o t  b e e r  d e s c r ib e d  p r e v i o u s l y , '  No f i rm  c o n c lu s io n s  
can  be re a c h e d  cn i t s  cause ; i t  may simply be due to  i n c r e a s e d  mi ■m l f low  
• o r  may r e f l e c t  abnormal t e t h e i i n g  of t h e  cusps . T h e c ro t ic -u l ly , i f  the,
. s t re tc h e d  chordae  become t a u t  i n  d i a s t o l e ,  th e  in c r e a s e d  te n s io n  cn the  
cusps c o u l -  cause  th e n  to  o s c i l l a t e  c.s th e  v e n t r i c l e  f i l l s .  A] t e r n a t i v c l y ,  
th e  c s c i l l a t i o - n  cou ld  r e s u l t  from f a i l u r e  c f  l a x  cho rdae  to  r e s t r a i n  the  
l e a f l e t s  d u r ing  d i a s t o l e .  The f i i - s t  e x p la n a t io n  i s  fa v o u re d  by the  1 cv, 
am p litu d e  and h ig h  f req u en cy  of th e  o s c i l l a t i o n  and by the  r e d u c t io n  i n  
d i a s t o l i c  e x c u rs io n  cf th e  l e a f l e t s .
I n  Case 8, th e  s y s t o l i c  c l o s u r e  movement o f  th e  a n t e r i o r  cusp was 
i n t e r r u p t e d  (F ig ,  7 , 3 ) .  The same a b n o rm a l i ty  .vas o b s e iv e i  f r e q u e r t l y  i n  
h y p e r t ro p h ic  o b s t r u c t i v e  card icm ycpa thy  (F ig .  7,4-^), l e s s  o f t e n  i n  
c o n g e s t iv e  ca rd io .vycpa thy  (F ig ,  7 ,4 h )  and cnee i n  th e  a c u te  i n f a r c t  c r i .e s  
(F ig .  7 ,4 c  and Chap, g ) ,  Feigerbaum  and h i s  c o -u o rk e r s  have a t t r i b u t e d  the  
anomaly to  marked e l e v a t i o n  o f  ‘ihe  l e f t  v e n t r i 'C u la r  e n d - d i a s L o i:o p r e s s u r e  
(Ko ne eke e t  F I . ,  1973)*. th e  p r e s s u r e s  i n  the  p a t i e n t s  v /i th  c a r  d i  c - op a th y  
(F ig , 7 , 4a and b) a r e  i n  l i n e  v /i th  t h i s  in te rp r 'Z t . \ . t lo n .  I t  i s  of i n t e r e s t  
t h a t  th e  i n f a r c t  p a t i e n t  i n  whom s y s t o l i c  c l o s u r e  was i n t e r r u p t e d  had a  ncrma.l mit r a l  
d i a s t o l i c  c lo s u re  r a t e  d e s p i t e  r a d io g ra p h ic  ev idence  cf a. h igh  l e f t  a t r i a l  
p r e s s u r e  acd vas  th o u g h t  on t h i s  b a s i s  t o  have a n c n -c c m p lia n t  l e f t  v e n t r i c l e  
(O '-V. . t o
The d i a s t o l i c  c lo s u r e  r a t e s  in  th i .s  s tudy  a r e  h ig h e r  th a n  th o se  c'>.ss;.a*od 
by B urgees  e t  a] , (1973) i r  ischaem ic  n i t  r a l  i r c c n p e te r c e  ar.d 'lay r e f l  e c t  more 
sev e re  r e f l u x  o r  more nor-ma.l v e n t r i c u l a r  com pliance i r  the  p r e s e n t  s e r ie ? »  I t  
shciild ,  however, b e  nci ed t h a t  i n  th e  p r e s e n c e  of d i a s t o l i c  o s c i l l a t i o n  and 
p rom inen t c h o rd a l  echoes ,  p a r t i c u l a r  c a r e  i s  n ece ssa ry  to  en su re  tiiO-t a m i t r a l  
e ch o g ra m /. . .
Rchngr.’XP o f  submsximal am p li tu .lc  ar.d v/1 i:h an  a r t e f a c t u a l l j /  3 c// d i a s t o l i c
c lo s u r e  r a ' c  i s  n o t  r e c o rd e d ,
A d e f i n i t i v e  c c t o c a r d io r r a p h ic  d ia g n o s i s  of n o n - rh e iro a t ic  m i t r a l
r e g u r g i t a t i o n  can  be  mad'' only v/hen f a i l u r e  of s y s t o l i c  a p p o s i t i o n  of th e
m i t r a l  l e a f l e t s  i s  d em o n stra ted .  U n fo r tu n a te ly ,  the  s y s t o l i c  phase  of the
m i t r a l  cch.ogram may be dif^-ir, :1 t  to  i n t e r p r e t  ( ? i y s .  7 ,1  to  7 ,4 )  * The
problem a r i s e s  b eca u se  m u l t i p l e  «chces a re  o f  t e r  reco rded ; the,- a r e
p a r t i c u l a r l y  p r c c in o : ' t  when th e  l e f t  v e n t r i c l e  i s  d i l a t e d .  I t  i s  p o s t u l a t e d
t h a t  th e  a d d i t i o n a l  echoes oriy;I.nal.e from th e  cho rdae  t e n d in e r e .  The cho rdae
i n s e r t  a t ,  and up to  1 cm, b e h in d ,  the  f.rcc; maryir'S o f  th e  v e n t r i c u l a r  s u r f a c e
of th e  m i t r a l  cusps (Lam e t  a l , ,  l ' '70)s. Thus, when th e  u l t r a s o n i c  beam i s
d i r e c t e d  i n  s y s t o l e  th ro u rh  th e  f r ^ e  m argins of the  l e a f l e t s ,  i t  could
t h e o r e t i c a l l y  t r a v e r s e  the chordae  i n s e r t i n g  beyond them a s  i n  P ig ,  7 ,^ .
^ i g .  1 i s  from a  p a t i e n t  w ith  c h ro n ic  r e n a l  f a i l u r e ,  c o n g e s t iv e  c a r d i a c
f a i l u r e  and a  v a r i a b l e ,  s o f t  a p i c a l  s y s t o l i c  murmur (Case I p ,  Chap, 9 ) ,  I n
complexes 1 and 2 t h e r e  a r e  m u l t i p l e  s y s t o l i c  echoes: i t  i s  s u g g es ted  t h a t
th e  most a n t e r i o r  echoes o r i g i n a t e  f r o n  the a n t u r i c r  cusp  cho rdae  and t h a t
beh in d  them in  sequence a r e  c fa c e s  from th e  p o s t e r i o r  cusp , the  . a n t c i i c r  cusp
and th e  chordae  tc  V'e  p o s t e r i o r  cu sp .  I n  complex 4 ,  no p o s t e r i o r  cusp echogram
has been  re co rd ed  i n  d i a s t o l e  and only  two echoes have b een  reco rd ed  i n  s y s t o l e ,
Comparing th e  v/avefcrm of th e s e  tv/o s y s t o l i c  echoes w ith  th o s e  dr. c c :g lo x e s
1 and 2, i t  i s  su g g e s te d  t h a t  they  d e r iv e  r o t  from th e  a n t e r i o r  and p o s t e r i o r
cusps b u t  from the a n t e r i o r  cusp a r i  i t s  chcrd/ae. There i s  ev idence  t h a t
Burgess, e t  a l ,  (1973) and h i l l . v a r d  e t  s i ,  ( l 9 7 l )  have f u l l e d  to  a p p r e c i a t e  t h i s
p o i n t  and have a c c o rd in g ly  m isd ia g n o se !  wide s y s t o l i c  s e p a r a t i o n  of th e  s i t r a l
l e a f l e t s  on s im i] .a r  echograms.
A n te r io r  cusp p r o la p s e  vcus s u s p e c te d  in  Cases 1 ajw! 2 ( ? ig ,  7 ,1 )  b eca u se
i t  was p a r t i c u l a r l y  d i f f i c u l t  to  r e c o rd  a co n t in u o u s  ech;ograrn from t h a t  s t r u c t u r e
duid.rg; s y s t o l e ,  A co n t in u o u s  sv/cep from th e  a o r t i c  ro o t  to  th e  a n t e r i o r  cu.?.n
would have p ro v id ed  mere d e f i n i t i v e  in fo rm a t io n  b u t  th e  v a l i d i t y  o f  the  manoeuvre 
w as / , , ,
•>vas not a p p r e c ia te d  a t  th e  time th e  re c o rd s  were c ad e ,  Tn f o u r  i r s t ^ r c e c ,  
in c lu d in g  c^ se s  j  a i d  4 (P ig s ,  7 ,1  a:id 7 , 3 ) ,  the  p o s i t i o n s  of the m i t r a l  
l e a f l e t s  appea red  to  r e v e r s e  i n  s y s t o l e :  th e  came phenomenon i s  seen  i n
F ig .  7 , - .  The f i n d i n g  cou ld  have b een  e a s i l y  e x p d a in e l  had th e  u l t r a s  o r io  
beam p a s s e d  th rough  th e  l e a f l e t s  to  the  l e f t  a t r i a l  i n s t e a d  of th e  l e f t  
v e n t r i c u l a r  w a l l ;  i n  th e s e  c i rc u m s ta n c e s  echoes from a p r o la p s e d  a n t e r i o r  
cusp m ight he  p ic k e d  up w i t h i n  th e  a t r iu m ,  in te ii /en ii 'g ,  betw een the  p o s t e r i o r  
cusp and l e f t  a t r i a l  w a l l  echoes. However, the  beam i n  f a c t  t r a v e r s e d  th e  
l e f t  ven tric iiL cir  w a l l  and Figo 7 ,7  o f f e r s  a  t e n t a t i v e  e x p la n a t io n  f o r  the 
app ea ran ces  reco rd ed .  The p o s t e r i o r  cusp chordae f u n c t i o n  norm ally  b u t  the  
a n t e r i o r  cusp chordae  a r e  s la c k .  Thus, d u r in g  s y s t o l e  th e  p o s t e r i o r  cusp 
i s  draggled dcv/n.vards by t h e  s a b v a lv a r  a p p a ra tu s  of th e  d l l ’. t e d  v e n t r i c l e  
and a s  a r^ 's u l t  th e  p c o i l y  t e t h e r e d  a n t e r i o r  cusp moves above i t  and sags 
tow ards th e  l e f t  a t r iu m .  The f r e e  edge of th e  a n t e r i o r  cusp i s  th u s  reco rd ed  
between the p o s t e r i o r  cusp and th e  l e f t  v e n t r i c u l a r  w a l l .
I t  i s  i n t e r e s t i n g  t h a t  th e  e c h c ca i 'd icg rap h ic  f i n d i n g s  i n  th e  j. r e c e n t  s t u L  
a r c  e s s e n t ia l ' ' .y  s i m i l a r  t o  th o s e  r e p o r t e d  by H il lv /a rd  e t  a l .  ( l9 7 d )  in  c o n g e s t iv e  
cardlomyopathy w ith  m i t r a l  r e g u r g i t a t i o n .  Both d i s o r d e r :  a r e  a s s o c i a t e d  with 
v e n t r i c u l a r  d i l a t a t i o n  and  im p a ire d  v e n t r i c u l a r  f u n c t io n .  I t  i s  t h e r e f o r e  
p o s s i b l e  to  s p e c u la t e  t h a t  th e s e  a b n o r m a l i t i e s ,  r a t h e r  th an  s p e c i f i c  d e f e c t s  of 
th e  p3 .p illa .ry  m uscles  or the  ch o rd ae ,  a r e  th e  b a s i c  caru:e of isch aem ic  m itra l ,  
incom petence, B urc’u c t  a.1. ( i f f S )  have i n d i c a t e d  hew v e n t r i c u l a r  d i l a t a t i o n  
and v e n t r i c u l a r  d .y sk in es is  cou ld  case e m i t r-J. i r c o r p e t e r c  c; th e  p r e s e n t  
i n v e s t i g a t i o n  te n d s  to  su p p o r t  t h e i r  t h e o r i e s ,  T^.us, i n  th e  p a t i e n t s  s tu d i e d ,  
because  the, am p li tu d e  o f  the  echogram was n ev e r  in c r e a s e d  a rd  s y s t o l i c  s e p a r a t io n  
of th e  1 e a . f le t s  was r a r e l y  g r o s s ,  m i t r a l  r e g u r g i t a t i o n  appear^.I to  be p ro d u c e !  by 
abnormal s y s t o l i c  p o s i t i o n i n g  of th e  l e a f l e t s  w i th in  t h e  v e n t r i c l e  r a t h e r  th-m by 
c usp p r o la p s e .
H i l lv .a rd  e^  u l .  (1973) s tu d i e d  p a t i e n t s  with c o n g e s t iv e  c s r l i o r  o-pathy
co m p lica ted  by m i t ra ]  incom petence . They conc luded  t h a t  ech c cu rd ic -y ap h y  can
be used t c  d iagnose  c o n g e s t iv e  cardiom yopathy . T h is  i s  c l e a r l y  'n e t  so: ind eed ,  
i ’/ ..  •
in  my ovin e x p e r ie n c e ,  u l t r a s o u n d  cannot d i f f e r e n t i a t e  c o n g e s t iv e  card iom yopathy  
v /ithou t m i t r a l  r e f l u x  from isch aem ic  m i t r a l  incom petence.
S u m n i a r . y
M i t r a l  echograms and  th e  u l t r a s o n i c  dimcns.i cns o f • th e  l e f t  v e n t r i c l e  
were reco rd ed  i n  S p a t i e n t s  w ith  isch ae m ic  m i t r a l  incom petence: th e  r e s u l i . s
were compared v/ith th o se  from n o m a l  s u b j e c t s .  The f i n d i n g s  were as  fo l lo w s ;  -  
l )  M i t r a l  echogram am p li tu d e  was reduced  001 ) .  2) M i t r a l  d i a s t o l i c
c lo s u re  r a t e  was in c r e a s e d  (P^cO.OOl). 3) The m i t r a l  cusp o s c i l l a t e d  in  
d i a s t o l e .  4) S y s t o l i c  a p p o s i t io n  of th e  cusps was c o n s i s t e n t l y  abnormal.
5) L e f t  v e n t r i c u l a r  e j e c t i o n  f r a c t i o n  was g r o s s ly  reduced .
I t  i s  concluded t h a t  isch aem ic  m i t r a l  incom petence and c o n g e s t iv e  
cardiom yopathy cannot be d i s t i n g u i s h e d  e c h o c a rd io g ra p h ic a l ly .  I t  i s  
su g g es ted  t h a t  abnormal p o s i t i o n i n g  o f  the  l e a f l e t s  w i th in  th e  l e f t  v e n t r i c l e ,  
r a t h e r  th a n  cusp p r o l a p s e ,  i s  th e  u s u a l  mechanism of is c h a e m ic  m i t r a l  
incom petence and  t h a t  th e  low echogram am p litu d e  a s s o c i a t e d  w ith  t h i s  
d i s o r d e r  i s  due to  c h o rd a l  s t r e t c h i n g  i n  d i a s t o l e .
TABLE 7,1 CLINICAL FEATURES
Time from 
in farc tion
systolic
murmur
Rhythm
E1 ec trocardiogram C hest rod iograph
LA hypertrophy In fa rc t, site CTR % LVF
1 3 days + Sinus - Inferior 60 +
2 2 days & 
6 months
- Sinus - Inferior 57 -H-
3 3 months + Sinus + A n tero ­
la te ra l & 
in ferio r
65 ++
4 2 years + Sinus + Inferior 66 +
5 2 years + Sinus + A nterio r & 
Inferior
60 +
6 4 years + A .F . — '  ' A nterio r & Inferior 66 ++
7 2 years + A .F .
'  '  '
A nterio r & 
Inferior
60 ++
8 8 years v ariab le Sinus + A nterior 69 +
TABLE 7 , 2 E CHOCARDIO GRAPH IC  F I N D I N G S
Mitral anterior cusp echogram 
Total Diastolic Systolic cusp 
amplitude OCR oscillation reversal 
mm. MM/sec
End-diastolic 
volume 
ml.
End-systolic 
volume 
ml.
Stroke 
volume 
ml.
Ejection
fraction
1 27 310 + 334 180 154 0-46
2 25 360 +
3 19-5 340 + +
4 21-5 400 + + 251 140 111 0-44
5 25 290 + + 143 89 54 0-38
6 23 320 + 228 146 82 0-36
7 21-5 266 + +
8 16-5 250 + 455 233 222 0-49
Mean
:1 S D 22-4±3-4
317 
t  50
0*43
±0*06
a) CASE 1
m m m » .
b) CASE 2
'J'. * ■ .••■'y-'w' j - A v - , ' . . . .
^  *■ - - .  f  ,>lw f  «À L _fC ^
c) CASE 3
FIG. 7,1 d) CASE 6
" " « s  - f -  1 ' m
V3
% # #
F I G .  7 , 2
CASE 4 -  E C G ,  P H O N O C A R D I O G R A M  A N D  
E C H O C A R D IO G R A M
\  A A'A A A A A /
«  I ■ V* ^  I W .Æ \æ m ’J r  M L æ^F' 'm t w • Jr • \J r  •• • #" ## ' #in»' A> ,*Vw' 4f|, 4h ,• *'v^  Wv , *^“-. 3 '■> ,4 « i-'' ■ i  / , » r . '
F I G .  7 , 3  CASE 8 -  E C H O C A R D IO G R A M  A N D  CHEST X-RAY
WITH CALCIFIED VENTRICULAR A N E U R Y S M .
LVEDP 2 2 m m  Hga)  HYPERTROPHIC OBSTRUCTIVE
C A R D IO M Y OPA THY
tr f." ‘^ v ,.A .,4vr:a? v>r /• ^LVEDP 35m m  Hg
b) C O N G E S T I V E  CARDIOMYOPATHY
m
c) ACUTE MYOCARDIAL IN F A R C T IO N  
F I G .  7 , 4  INTERRUPTED MITRAL SYSTOLIC CLOSURE
F I G .  7 , 5
A N  ULTRASONIC BEAM DIRECTED 
TH ROUG H THE FREE M A R G IN S  O F  
THE MITRAL LEAFLETS WILL TRAVERSE 
THE CHORDAE INSERTED BEYOND THEM.
AC
PC
F I G .  7 , 7
A POSSIBLE EX PLA N A TIO N  FOR 
CUSP "REVERSAL" IN SYSTOLE.
ChCh
AC # # # #
F I G .  7 , 6 See Text
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The p o t e n t i a l  o f  carc*.iac u l t ra o o u n d  i n  th e  a ssessm en t of th e  l e f t  v e n t r i c l e  
i s  becoming c l e a r  bu t i s  a s  y e t  I j r g c l y  u n e x p lo i te d .  Because measurements can 
be r e p e a te d ,  because  p a t i e n t s  u n f i t  f o r  in v a s iv e  i n v e s t i g a t i o n  can be s tu d ie d  
and p a r t i c u l a r l y  b ecau se  v e n t r i c u l a r  perfor-nance i s  u n a f f e c t e d  by th e  p ro c e d u re ,  
i t  i s  to  be ex p ec ted  t h a t  echoc-ardio^raphy of th e  l e f t  v e n t r i c l e  v / i l l  be used 
w idely  i n  a d u l t  c a r d io lc y y  and in  c l i n i c a l  pharmacology^ I n  t h i s  t h e s i s ,  th e  
r e s u l t s  of e c h o c a rd io g ra p h ic  s t u d i e s  of th e  l e f t  v e n t r i c l e  in  c h ro n ic  r e n a l  
f a i l u r e  (Chap. 9) and is c h a e m ic  h e a r t  d i s e a s e  (Chaps, 7 and 8) have been 
re p o r te d .  A lthough  p a r a l l e l  a n g io g ra p h ic  and liaemodyramic d a ta  were r o t  
o b ta in e d ,  th e  r e s u l t s  a r e  th ough t to  be v a l i d  because  my^  own o b s e r v a t io n s ,  
r e p o r te d  b e l ow, and th e  f i n d i n g s  c f  w orkers  who have had th e  o p p o r tu n i ty  t o  
compare c c h o c a rd io g ra p h ic  and a n g io g ra p h ic  a s se s sm e n ts ,  i n d i c a t e  t h a t  th e  
u l t re .s o n ic  method i s  a c c e p ta b ly  a c c u r a te  i n  a  v a r i e t y  of c a r d i a c  d i s o r d e r s .
U l t r a s o n ic  a ssessm en t of th e  l e f t  v e n t r i c l e  -  a  review  of th e  l i t e r a t u r e
Hie i d e n t i f i c a t i o n  o f  th e  echoes from th v  i n t e r v e n t r i c u l a r  sept.im le d  
t o  th e  e c h o c a rd io g ra p h ic  e s t im a t io n  vf l e f t  v e n t r i c u l a r  d im ensions  (Popp e t  a l , , 
1969)» The v e n t r i c u l a r  dim ension which i s  m easured by u l t r a s o u n d  lias been  shown 
t o  approx im ate  th e  a n g io g ra p h ic  mean minor a x i s  and to  c o r r e l a t e  s i g n i f i c a n t l y  
w ith  th e  s e m ile n g th  o f  th e  a n g io g ra p h ic  m a jo r  a x i s  (Pombo, Troy and R u s s e l l ,  
I 97I ;  G ibson , 1973) .  The cube o f  th e  u l t r a s o n i c  d im ension can  be ta k e n  a s  a 
measure o f  l e f t  v e n t r i c u l a r  volume because  th e  l e f t  v e n t r i c u l a r  c a v i t y  car. be 
r e p re s e n te d  by an e l l i p s o i d  and  i t s  shape i s  un iform  from p a t i e n t  t o  p a t i e n t  
(Dodge and B ax ley ,  I 969) .  V e n t r i c u l a r  volumes d e r iv e d  by t h i s  method a g re e  
c l o s e l y / , , ,
c lo s e ly  w ith  e s tim a tio n s  made from b ip la n e  angiograms (Porabo e t  a l . , 1971; 
G ibson, 1973). '«Yhen th e l e f t  v e n t r ic le  d i la t e s  i t s  c a v ity  can no lo n g er  
be rep resen ted  by an e l l ip s o id .  N o n e th e le ss , th e  cube o f the u ltr a s o n ic  
dim ension and an giograp h ic e s tim a tes  of v e n tr ic u la r  volume remain 
s ig n i f ic a n t ly  c o r r e la te d  (Ludbrook e t a l . ,  1973).
Gibson (1973) has su ggested  th a t echocardiographic e s tim a tes  o f  
strok e  volume are l e s s  l i k e ly  to  be a f f e c te d  by a b n o n o a lit ie s  o f l e f t  
v e n tr ic u la r  shape than are s in g le  measurements of e n d -d ia s to l ic  and 
e n d -s y s to l ic  volume. In  p r a c t ic e ,  l e f t  v e n tr ic u la r  s tro k e  volume 
determ ined by u ltrasound  has been found to  c o r r e la te  w e ll  w ith  measurements 
made by th e  d y e -d ilu t io n  (Poinbo e t  a l , , 1971) and the P ick  methods (Popp and 
H arrison, 1970),
Cooper e t a l ,  (1972) found c lo s e  agreement between u ltrasound  and 
cineazigiographic e s t im a te s  o f e je c t io n  fr a c t io n . They observed th a t , in  the  
d ila te d  v e n t r ic le ,  more accu rate  r e s u l t s  were ob ta in ed  by cubing th e  
u ltr a s o n ic  dim ension than by u sin g  the r e g r e ss io n  equation  o f P ortu in  e t  a l ,  
( 1971) fo r  v e n tr ic u la r  volume. They have subsequently  shovm th a t the  
echocardiographic e s t im a tio n  o f e j e c t io n  f r a c t io n  i s  in  g en era l accu ra te  in  
p a t ie n ts  w ith  a b n o rm a lities  o f l e f t  v e n tr ic u la r  w a ll m otion (Ludbrook e t a l , ,  
1973).
The l e f t  v e n tr ic u la r  c a v ity  can be o u tlin ed  by m u ltid im ension a l 
echocardiography and a rea -len g th  methods (Greene e t  a l , , I 967) can thus be 
used to  measure v e n tr ic u la r  volumes on m u ltisca n s (R oelandt e t  a l , ,  1974). 
Provided record ing methods improve, i t  seems l i k e ly  th a t m u ltiscan n in g  w i l l  
rep la ce  angiography in  the assessm en t o f the dim ensions and perform ance o f the  
l e f t  v e n t r ic le .
A ssessm ent of th e  l e f t  v e n t r i c l e  in  t h e  normal and a b n o rn a l  h e a r t . 
B e f o r e / , , ,
B efore the in v e s t ig a t io n  rep orted  in  Chap. 9 was undertaken, th e  d im ensions, 
volumes and e je c t io n  fr a c t io n  o f th e 1 e f t  v e n tr ic le  were measured by 
ultrasound  in  a group of normal su b je c ts  and in  p a t ie n t s  w ith  v a r io u s  card iac  
d iso rd ers . I t  v;as hoped th at by comparing the r e s u lt s  w ith in  and between the  
groups, i t  would be p o s s ib le  to  d ecid e whether v a lu es  o f s u f f i c ie n t  accuracy fo r  
p r a c t ic a l  purposes cou ld  be derived  from th e  d y s k in e t ic ,  th e  d i la t e d  and th e  
decompensated v e n t r ic le .  Hov/cver, th e  main aim of t h is  p re lim in ary  study was to  
id e n t ify  problems in v o lv ed  in  record ing and measuring th e  u ltr a s o n ic  d im ensions.
S u b jects
58 su b je c ts  were s tu d ied . They have been grouped as  fo llo w s; -  
Group 1
13 su b je c ts  judged to  have normal h ea r ts . T heir ages ranged from 
14 to  34 (mean 30) y ea rs  and 9 were fem ale. A ll  were h o s p ita l  in -p a t ie n t s  
who were e i th e r  b ein g  tr e a te d  fo r  a d erm ato log ica l d iso rd er  or were 
aw aitin g  a minor g y n a e c o lo g ic a l procedure.
Croup 2
8 su b je c ts  w ith  i s o la t e d  and a t  l e a s t  m oderately sev ere  m itra l s t e n o s is .
A l l  were a w a itin g  c lo se d  m itra l valvotom y and 6 had been ca th eter i.sed , 
firoup, 3
8 su b je c ts  who had undergone s u c c e s s fu l m itra l valvotcm y between 3 and 
6 months p r e v io u s ly . None had c l i n i c a l  s ig n s  of m itra l r e g u r g ita t io n  or 
s ig n if ic a n t  a o r t ic  v a lv e  d is e a s e .
Group 4
4  su b je c ts  w ith  i s o la t e d  rheum atic m itra l v a lv e  d is e a s e  in  whom 
s ig n i f ic a n t  mitra.3. r e g u r g ita t io n  had been dem onstrated a n g io g r a p h ic a lly .
Group 5
7 su b je c ts  judged c l i n i c a l l y  to  have ischaem ic m itr a l incom petence. A ll  
had a m itr a l d ia s t o l i c  c lo su re  ra te  above 200 m n /se c ., an a p ic a l p a n s y s to lic  
murmur, Q wave ev id en ce o f m yocardial in fa r c t io n  and rad iograph ic s ig n s  of 
d ecom p en sation /,, ,
dec omp ensat io n .
Group 6
3 s u b je c ts  w ith  non-rheumatic m itra l  reg u r g ita t io n  which was considered  
not to  have an ischaem ic b a s i s .  One p a t ie n t  develcped severe  m itr a l  r e g u r g i ta t io n  
in  the course o f  a subacute b a c t e r ia l  en d o ca rd it is .  The o th er  two, who were known 
to  have system ic  hyperten sion  p resen ted  w ith  acu te  m itr a l  incompetence. In each 
case  th e  m itr a l  d i a s t o l i c  c lo su r e  r a te  was above 300 mn/sec.
Group 7
3 s u b je c ts  w ith  predominant a o r t i c  s t e n o s i s  in  whom a s i g n i f i c a n t  
a o r t ic  s y s t o l i c  g rad ien t  had been demonstrated.
Group 3
12 su b je c t s  w ith  moderate or sev ere  a o r t ic  r e g u r g i ta t io n  who were aw aiting  
a o r t ic  v a lv e  replacement. L e f t  v e n tr ic u la r  e n d - d ia s t o l i c  p ressure  had been  
measured in  8 ca ses  and was e le v a te d  in  3 of them.
Methods
The equipment has been descr ib ed  (Chaps, 1 and 2 ) ,  The examination was 
made w ith  th e  p a t ie n t s  supine. The transducer was p o s i t io n e d  to  record echoes  
from the  m itra l  l e a f l e t s  w ith in  the l e f t  v e n t r ic l e .  I t  was then angled  downvards 
to  d isp la y  sim ultaneous echograms from the endocardia l su r fa ces  o f  the  
in t e r v e n tr ic u la r  septum and the l e f t  v e n tr ic u la r  p o s te r io r  w a l l .
When s e p ta l  motion v/as reversed , the s h o r te s t  d is ta n c e  between the se p ta l  
and p o s te r io r  w a l l  echoes was taken as a measure of e n d - s y s t o l i c  dimension; 
oth erw ise ,  dimensions were measured as  in  F ig , 8 ,1 ,  Volumes were derived  by 
cubing th e  dimensions and e j e c t io n  f r a c t io n  was c a lc u la t e d  by the method of  
Porabo e t  a l , , ( l 9 7 l ) .
R e s u l t s
Measurement problems were encountered when p o s t e r io r  va.ll excursion  va r ied  
(F ig ,  8 , 2 ) ,  when t^\e o r ig in  of the p o s te r io r  echo was u n certa in  (F ig .  8 ,3 )  and
w h e r / . , .
v/hen s e p ta l  motion was reversed  (F ig ,  8 ,4 ) .
The r e s u l t s  liave been tab u la ted  (Tables 8 ,1  and 8 , 2 ) .
E n d -d ia s to l ic  dimension and e n d - d ia s t o l i c  volume
The mean v a lu e s  f o r  e n d - d ia s t o l i c  dimension and e n d - d ia s t o l i c  volume 
in  the normal s u b je c ts  were 4*7 -  0 .5  cm and 109 ~ 31 ml r e s p e c t iv e ly .  
S ig n i f i c a n t  in c r e a se s  were observed in  a o r t ic  r e g u r g i ta t io n  and pure m itra l  
r e g u r g i ta t io n  but the f in d in g s  in  rheumatic m itra l  incompetence d id  not reach  
s t a t i s t i c a l  s ig n i f i c a n c e  (P-^^'O.IO). The group with m itr a l  s t e n o s i s  ridd not 
d i f f e r  from normal.
E n d -sy s to l ic  dimension and e n d - s y s t o l i c  volume.
The mean v a lu e s  f o r  e n d - s y s t o l i c  dimension and e n d - s y s t o l i c  volume in  the  
normal su b je c ts  were 2 ,8  -  0 ,5  cm and 23 -  12 ml r e s p e c t iv e ly .  S ig n i f i c a n t  
in c r e a se s  were observed in  a o r t ic  r e g u r g i ta t io n ,  pure m itra l  r e g u r g i ta t io n  and 
the post-valvotom y group. The f in d in g s  in  m itra l s t e n o s i s  and rheumatic m itra l  
incompetence (P^^O,lO) d id  not d i f f e r  from normal.
Stroke volume and card iac  output
The mean v a lu e s  f o r  l e f t  v e n tr ic u la r  s troke volume and card iac  output in  
the normal subject's were 83 -  23 ml and 6 ,5  -  2 ,2  1 r e s p e c t iv e ly .  Although  
higher v a lu es  were a l s o  found in  rheumatic and ischaem ic m itr a l  incompetence,  
s i g n i f i c a n t  in c r e a se s  were observed only in  a o r t ic  reg u r g i ta t io n  and ischaem ic  
m itr a l  r e g u r g i ta t io n .
E je c t io n  f r a c t io n s
E je c t io n  f r a c t io n  in  the  normal group was 0 ,8  -  0 ,0 6 5 .  S i g n i f i c a n t l y  
lov/er v a lu e s  were found in  ischaem ic (P<-0,OOlO and non-ischaem ic (P<iO, 05) 
m itra l r e g u r g i ta t io n ,  a o r t i c  r e g u r g i ta t io n  (P < ^ .  Op) and in  the p ost-valvotom y  
group (P‘= ^ , 0 0 l ) ,
D is c u ss io n
In a ccu ra c ie s  are  in e v i t a b le  in  the measurement of l e f t  v e n tr ic u la r  volume 
and /, , ,
and e j e c t i o n ’ f r a c t i o n  by s i n g l e  p la n e  echocard iog raphy . Thus, th e  b a s i c  
assum ptions  abou t th e  shape of th e  c a v i ty  and th e  u n i fo rm i ty  o f  v a i l  m otion  
may be i n v a l i d  i n  i n d i v id u a l  p a t i e n t s ,  w h ile  p o s s i b l e  e r r o r s  due to  s h o r te n in g  
of the  lo n g  a x i s  and to  r o t a t i o n  and l a t e r a l  movement of th e  h e a r t  can n e i t h e r  
be i d e n t i f i e d  nor com pensated f o r .
Some errors  can be avoided. Dimensions should be measured over a s e r i e s  
of cardiac c y c le s  as although beat to  beat v a r ia t io n s  arc u su a lly  sm all,  they  
may on occas ion  be s i g n i f i c a n t  (F ig . 8 ,2 ) ;  in  the example sliown e s t im a te s  cf  
e n d -d ia s to l ic  volume and e j e c t io n  f r a c t io n  v a r ied  from 136 to  216 ml and from 
O.itl to  0 ,6 3  r e s p e c t iv e ly .  Because the u lt r a s o n ic  dimension d ecreases  at the 
l e v e l  of the p o s te r io r  p a p i l la r y  muscle (Chap, 4 ) ,  measurements must be made 
above th a t  s tr u c tu r e  and immediately below the m itra l  v a lv e .  In recording  
F ig ,  8 ,3 ,  the u lt r a s o n ic  beam v/as swept dov/nwards from the m itra l "valve towards 
the apex of  th e  v e n tr ic le :  th e  changes in  dimension are obvious.
Although the method used here to  measure e n d - s y s t o l i c  dimension  
in  the p resen ce  of abnormal s e p ta l  movement may be em p ir ica l ,  th ere  i s  no 
evidence that i t  i s  s e r io u s ly  in accurate .  Thus, e j e c t io n  f r a c t io n  deraved 
by t h i s  method i s  nonnal in  a t r i a l  s e p ta l  d e fec t  (F ig , 8 , 4 ) and, in  the presen t  
s c r i e s ,  was reduced in  ischaem ic m itra l  incompetence.
In  that l e f t  v e n tr ic u la r  e n d - d ia s t o l i c ,  e n d - s y s t o l i c  and stroke volumes 
were normal in  m itra l  and a o r t ic  s t e n o s i s  and s i g n i f i c a n t l y  increased  in  mitrO. 
and a o r t ic  r e g u r g i ta t io n ,  the f in d in g s  of t h i s  study su g g est  that even in  the 
presence o f  l e f t  v e n tr ic u la r  d i la t a t i o n ,  the cube of the u l tr a s o n ic  dimension  
provides  a u se fu l  e s t im a te  of v e n tr ic u la r  volume. I t  i s  not p o s s ib l e  to  comment 
on the a b so lu te  accuracy of the r e s u l t s .  However, i t  i s  in t e r e s t in g  t c  note th a t  
very s im ila r  r e s u l t s ,  both in  numerical teras  and in  terms o f  the s ig n i f i c a n c e  of 
the d i f f e r e n c e s  between p a t ie n t s  and normals were obtained by Gibson and Brown 
(1973) in  an echocardiographic study of normal su b jec ts  and of p a t ie n t s  with  
v a lvu lar  d is e a s e .
The e j e c t i o n  f r a c t i o n s  in  t h i s  s e r i e s  of nor.;ial s u b j e c t s  were h ig h e r  than  
t h o s e / , , ,
those reported  by Gibson and Brown (1973) and did not approach the low er  
l i m i t  o f  normal se t  by Kennedy et  a l ,  ( I 966) from angiographic  data.
Because u n t i l  recently  i t  could only be determined a n g io g r a p h ic a l ly ,  th ere  
i s  l i t t l e  p u b lish ed  in form ation  on the e j e c t io n  f^ ^ c t io n  o f  the normal heart:  
an echocardiographic study of a la r g e  number cf  normal su b je c ts  would be 
va lu ab le .  In  the p resen t  in v e s t ig a t io n ,  although s i g n i f i c a n t  r c lu c t io n s  were 
observed in  o ther groups, e j e c t io n  f r a c t io n  v/as, as might be expected, low est  
in  ischaem ic m itra l  incompetence, K e l le r  and Carl e t  on (197C) and I'.olzer e t  a l  
( 1973) have demonstrated impaired l e f t  v e n tr ic u la r  performance in  some p a t ie n t s  
with m itra l s t e n o s i s :  the reduced e j e c t io n  fr a c t io n  in  one p a t ie n t  w it ’" mix? d
m itra l  v a lv e  d is e a s e  and th e  low mean va lue in  the post-va lvotom y group are  
in  l i n e  w ith  th e ir  f in d in g s .
D i a s t o l i c  v e l o c i t y  o f  th e  l e f t  v e n t r i c u l a r  p o s t e r i o r  w a l l
L e ft  v e n tr ic u la r  f i l l i n g  has been s tu d ied  by v a r io u s  methods: an eail;,
d i a s t o l i c  phase of rapid  f i l l i n g  and a subsequent phase o f  reduced in f low  h;<ve 
been demonstrated (Nolan e t  a l . ,  19&9; Dodge and Ba^edcy, 1969; Kumer and Spodici:, 
1970; Rushmer, 1972). Fogelman et  a l .  ( l> 72) have used ultrasound to  
in v e s t ig a t e  the d i a s t o l i c  motion c f  the p o s te r io r  w a ll  c f  the normal and the 
ischaemic l e f t  v e n t r i c l e .
The aim of t h i s  study was to  eva luate  the p o s te r io r  w a ll  d i a s t o l i c  v e lo c i ty  
as an index of l e f t  v e n tr ic u la r  f i l l i n g  by comparing the r e s u l t s  from normal 
su b jec ts  and p a t ie n t s  w ith v a lv u la r  d isea se  and by examining the r e la t io n  between 
the m itra l  d i a s t o l i c  c l c s u r e  ra te  and the p o s te r io r  w all d i a s t o l i c  v e l o c i t y .
S u b je c ts  and Methods
The u l t r a s o n ic  t i 'a c ir g s  from the 5-5 su b je c ts  c f  the p rev iou s  study (CJuip, C), 
from 23 p a t i e n t s  on reg u la r  d i a l y s i s  therapy (Chap, 9) ami from 4 additiora.1 ncrmnl
su b jec ts  were reviewed. Those on which the p o s te r io r  w a ll  d i a s t o l i c  
v e l o c i t y / , , ,
v e l o c i t y  co u ld  Le m easured were s e l e c t e d  and form th e  b a s i s  o f  the p r e s e n t  
s tudy .
L e f t  v e n t r i c u l a r  p o s t e r i o r  v;all d i a s t o l i c  v e l o c i t y  was measured a s  th e  
s lo p e  of th e  l i n e  jo i n in g  th e  most a n t e r i o r  p o in t  o n . th e  echogram w ith  the  
p o in t  where r a p id  p o s t e r i o r  d isp la cem e n t  ends (F ig ,  8 , l ) ,
The r e s u l t s  from 17 normal s u b j e c t s  and 40 p a t i e n t s  w ith  v a lv e  
l e s i o n s  were compared (T ab le  3 ,2 ) ,  The r e l a t i o n  between th e  m i t r a l  
d i a s t o l i c  c l o s u r e  r a t e  and p o s t e r i o r  w a l l  d i a s t o l i c  v e l o c i t y  was examined 
i n  10 normal s u b j e c t s ,  8 d i a l y s i s  p a t i e n t s  and 11 p a t i e n t s  wi tl> v a l v u l a r  
d i s o rd e rs  (A pper.dix).
R e s u l t s
P o s t e r i o r  wal 1 d i a s t o l i c  v e l o c i t y  i n  normal s u b je c t s  and p a t i e :  t s  w i th  
v a l v u l a r  d i s e a s e
The r e s H - t s  have b e e n  t a b u l a t e d  (T ab le  8 ,2 ) ,
In  th e  normal g roup , p o s t e r i o r  w a ll  d i a s t o l i c  v e l o c i t y  ranged  from 
76 t o  136 :;iT/sec w i th  a mean c f  I I 4  -  28 mrr/sec; w ith  th e  e x c e p t io n  of 
th e  pre-valvotorp.y g ro u p ,  some p a t i e n t s  in  each group had v a lu e s  v . l th in  th e  
normal range. P o s t e r i o r  w a l l  d i a s t o l i c  v e l o c i t y  was s i g n i f i c a n t l y  r e d u c e d  
i n  c d t r a l  s t e n o s i s  and mixed m i t r a l  v a lv e  d i s e a s e ,  No o th e r  c o n s i s t e n t  
t r e n d s  were observed ; i n  a o r t i c  r e g u r g i t a t i o n ,  p o s t e r i o r  w a l l  d i a s t o l i c  
v e l o c i t y  was in c r e a s e d  i n  2 and normal i n  8 c a s e s  w h ile  i n  m i t r a l  r e g u r g i t a t i o n  
i t  v/as i n c r e a s e d  in  one, d e c re a se d  i n  one and normal in  3 c a s e s .
P o s t e r i o r  w a l l  d i a s t o l i c  v e l o c i t y  v/as p o s i t i v e l y  and s i g n i f i c a n t l y  
c o r r e l a t e d  w ith  s t r o k e  v o lu n e  ( r  = 0 ,4 1 ;  P-'~-0,02): v/hen p a t i e n t s  w ith
rheum atic  m i t r a l  v a lv e  d i s e a s e  w ere exc luded ,  th e  c o r r e l a t i o n  v/as no lo n g e r  
s i g n i f i c a n t  f r  = 0 ,2 7 ;  P - '0 , 1 0 ) ,  P o s t e r i o r  w a l l  d i a s t o l i c  v e l o c i t y  d id  r o t  
c o r r e l a t e  s i g n i f i c a n t l y  w i th  e j e c t i o n  f r a c t i o n .
P o s t e r i o r  w a l l  d i a s t o l i c  'V e lo c i ty  and th e  m i t r a l  d i a s t o l i c  c lo s u r e  r a t e
On th e  d a ta  from 29 s u b je c t s  (A ppendix), p o s t e r i o r  w a l l  d i a s t o l i c  
v e l o c i t y ' / , . .
v e l o c i t y  v/as found to  c o r r e la te  p o s i t i v e l y  and s i g n i f i c a n t l y  w ith  the  
m itra l d i a s t o l i c  c lo su r e  rate ( r  = 0 . 5 3 ; 0 . 005) : v/hen p a t ie n t s  v/ith
m itra l  s t e n o s i s  were excluded , the c o r r e la t io n  was no lo n g er  s i g n i f i c a n t  
( r  = 0 .19; P ^ '0 .1 0 ) .
Features o f  the p o s te r io r  wall echogram
Except in  riiitral s t e n o s i s  v/here the t r a n s i t io n  to  t^e phase of  
slow outwards displacem ent v/as more gradual (F ig , 8 , 5 ) ,  the  i n i t i a l  
phase o f  rapid p o s te r io r  w a ll  displacement* term inated abruptly  
(F ig s ,  8 ,1  and 8 , 8 ) ,  In  rheumatic m itra l  incompetence w ith  a t r i a l  
f i b r i l l a t i o n ,  p o s te r io r  w a ll  d i a s t o l i c  v e l o c i t y  d id  not very v/ith 
the le n g th  of d ia s t o l e  (F ig ,  8 , 6 ) ,
D iscu ss ion
I t  i s  e s ta b l i s h e d  th a t  in  anim als there i s  an e a r ly  d i a s t o l i c  phase  
of rapid l e f t  v e n tr ic u la r  f i l l i n g  and a subsequent phase of reduced in flo w  
(Nolan e t  a l , ,  1969; Rushraer, 1972), Angiographic ob serva tion s  (Dodge and 
Baxley, 1969) and th e  d i a s t o l i c  waveform of both the apex cardiogram (Kumar 
and Spodick, 1970) and th e  m itra l echogram (F ig , 2 ,5 )  in d ic a te  that the  
normal human l e f t ;  v e n t r i c l e  has s im i la r  f i l l i n g  c h a r a c t e r i s t i c s .
In  d i a s t o l e ,  the  normal l e f t  v e n tr ic u la r  p o s te r io r  w a l l  echogram i s
i n i t i a l l y  rap id ly  and subsequently  s lo w ly  d isp la ced  p o s te id o r ly  (F ig ,  3 , 1 ) ,
su g g est in g  th a t  p o s t e r io r  w all  motion r e f l e c t s  v e n tr ic u la r  f i l l i n g .  However, 
t h i s  study has shown th a t  the r e la t io n  between l e f t  v e n tr ic u la r  f i l l i n g  and 
the i n i t i a l  d i a s t o l i c  v e l o c i t y  of the p o s te r io r  v /a ll i s  not a sim ple one. 
Thus, although p o s t e r io r  w a ll  d i a s t o l i c  v e l o c i t y  was p o s i t i v e l y  and 
s i g n i f i c a n t l y  c o r r e la te d  v/ith stroke volume and was reduced v/hen l e f t  
v e n tr ic u la r  in f lo w  was obstru cted , i t  was u su a l ly  normal in  l e s i o n s  in  
v/hich the volume and ra te  of l e f t  v e n tr ic u la r  f i l l i n g  are  c h a r a c t e r i s t i c a l l y  
in crea sed ,  and in  in d iv id u a l  c a s e s  was normal d esp ite  a high stroke volume.
S im ila r ly ,  Gibson ar.d Brown (1973) found that the ra te  of in c r e a se  of the
u ltr a s o n ic  dimension, which they have used as a measure o f  l e f t  v e n tr ic u la r  
f i l l i n g / , . ,
f i l l i n g ,  i s  normal in  a o r t i c  r e g u r g ita t io n .  These d isc r e p a n c ie s  can be 
explained; fo r  a g iv e n  d i a s t o l i c  in f lo w , the in cr ea se  in  v e n tr ic u la r  
dimensions and th e  d isplacem ent o f  the p o s te r io r  w all w i l l  be determined  
in  part by the s i z e  and d i a s t o l i c  compliance of th e  l e f t  v e n t r i c l e .
I t  has  been su g g e s te d  th a t  e a r l y  l e f t  v e n t r i c u l a r  f i l l i n g  o ccu rs  
under th e  in f lu e n c e  of n y o c a r l i a l  d i a s t o l i c  r e c o i l  (Rushmer, 1972). I t  
i s  p o s s i b l e  t h a t  th e  v e l o c i t y  measured in  t h i s  study i s  th e  v e l o c i t y  
of d i a s t o l i c  r e c o i l  and t h a t  th e  e l a s t i c  p r o p e r t i e s  of th e  ..yccardium 
a r e  r e s p o n s ib le  f o r  th e  a b ru p t  d e c e l e r a t i o n  i n  m i d - d i a s to l e .  However, 
u n le ss  m y o card ia l  e l a s t i c i t y  i s  im p a ire d  in  rheum atic  h e a r t  d i s e a s e ,  
th e  p a t t e r n  of p o s t e r i o r  w a l l  m otion  i n  m i t r a l  s t e n o s i s  i s  a g a i n s t  t h i s  
i n t e r p r e t a t i o n  a s  i s  t h e  f a i l u r e  of p o s t e r i o r  w a l l  d i a s t o l i c  v e l o c i t y  t o  
c o r r e l a t e  s i g n i f i c a n t l y  w i th  e j e c t i o n  f r a c t i o n ,
Fogelman e t  a l ,  (1972) measured p o s te r io r  w a ll  d i a s t o l i c  v e l o c i t y  in  
normal su b jec ts;  the  r e s u l t s  ranged from 70 to  130 rmy/sec, and. are  
s im ila r  to  th ose  in  the presen t normal group. They p o s tu la te d  that the  
r e l a t i v e l y  low v e l o c i t i e s  which they  observed in  e x e r c is in g  ischaem ic  
su b je c ts  might r e f l e c t  reduced v e n tr ic u la r  compliance, While i t  i s  
t h e o r e t i c a l l y  p o s s ib le  th a t  reduced v e n tr ic u la r  compliance cou ld  be 
in ferr ed  when a noi'rnal or high s trok e  volume and a reduced p o s t e r io r  w a ll  
d i a s t o l i c  v e l o c i t y  are a s so c ia te d ,  t h i s  study has shown th a t  p o s te r io r  
w a ll  d i a s t o l i c  v e l o c i t y  i s  u n lik e ly  to l e  a u se fu l  index of  compliance in  
the d i la t e d  v e n t r i c l e .
On the p resen t  ev idence  i t  must be concluded that the i n i t i a l  
d i a s t o l i c  v e l o c i t y  of the l e f t  v e n tr ic u la r  p o s te r io r  w a l l  has no p r a c t ic a l  
value as an index of l e f t  v e n tr ic u la r  f i l l in r r .
U ltra so n ic  assessm ent of l e f t  ve n tr ic u la r  funct i on in  acute  myocard ia l  in fa r c t io n
The dim ensions, volumes and e j e c t io n  f r a c t io n  of the l e f t  v e n t r i c l e  were 
m easure^/,, .
measured by u ltrasound in  10 p a t ie n t s  v/ith acute myocardial in fa r c t io n .
The in fa r c t  v/as a n te r io r  in  v and in f e r i o r  in  6 in s ta n c e s .  4  p a t ie n t s  had 
c l i n i c a l  and radiographic ev idence  o f  moderate l e f t  heart f a i l u r e  (Table 3 ,3 ) :  
of th e se ,  one (Case Z) had lo n g-s tan d in g  cardicmegaly from c h ro n ic  r s r a l  
f a i lu r e  and system ic  ly p e r te n s io n ,  one (Case 4) had c l i n i c a l  s ig n s  o f  acu te  
p a p il la r y  :nuscle d ysfu n ction  and in  a th ir d  (Case l ) ,  th e  c l i n i c a l  d ia g n o s is  
of in t e r v e n tr ic u la r  s e p ta l  rupture v/as confirmed a t post-mortem. The 
ultm sound examinations v/ere c a r r ie d  out on the second or th ir d  day a f t e r  
in fa r c t io n .
The r e s u l t s ,  v/hich v/ere compared v/ith those from 13 ncimial su b jec ts  
(Tables 8 , ]  and 8 , 2 ) ,  have been tab u la ted  -  Table 8 ,3 .
Although the  red u ction s  in  e j e c t io n  f r a c t io n  (P -'-0 .02) and p o s te r io r  
w all d i a s t o l i c  v e l o c i t y  (P<01. Ql) v/ere the only s ig n i f i c a n t  ab n orm alit ies  
in  the group as a whole, o ther a b n orm alit ie s  v/ere observed in  in d iv id u a l  
p a t ie n t s .
This was a sm a ll ,  preliminary study and no gen era l co n c lu s io n s  on 
ven ti' icu lar  performance in  myocardial in fa r c t io n  v/ith l e f t  heart f a i l u r e  
can be drav/n from i t .  Thus, the  p a t ie n t s  in  f a i l u r e  v/ere a ty p ic a l  in  th a t  
one had p r e - e x i s t i n g  card iac  enlargement and three had a cause fo r  l e f t  
v e n tr ic u la r  volume overload. Only Case 3 ,  who had no h is to r y  of p rev ious  
cardiac d is e a s e  and in  whom there was no evidence o f  m itra l  reg u r g i ta t io n  
or in tr a -c a r d ia c  shunting , conformed to  the more usual c l i n i c a l  p ic tu r e .
An in c r e a se  in  le f':  ven tr icu l& r s i z e  i s  common in  acu te  myc ca rd ia l  
in fa r c t io n  (K arlin er  and Ross, 1971): in  th e  present s e r i e s ,  th e  u l t r a s o n ic
dimension and the derived  e n d - d ia s t o l i c  volume v/ere m arginally  e lev a ted  in  
two p a t ie n t s  v/ith uncomplicated in f a r c t io n  ar.d v/ere g r o s s ly  in creased  in  the  
p a t ie n ts  v/ith pap illr .ry  muscle dysfu nction  (Case 4) and e s ta b l is h e d  cardicm egaly  
(Case 2 ) ,  The f in d in g s  suggest t ’-'at an in c r e a se  in  l e f t  v e n tr ic u la r  s i z e  i s  
not an in v a r ia b le  accompaniment o f  myocardial in fa r c t io n  or of com p licatin g  l e f t
heart f a i l u r e  and that l e f t  v e n tr ic u la r  enlargement may be p resen t  without  
e v id e n c e / , . .
evidence of heart f a i l u r e ,
Scheld t e t  a l .  (1973) found th a t  w h ile  strok e  volume and card iac  
output may' be reduced in  in f a r c t io n  com plicated  by mild or moderate 
f a i l u r e ,  they are normal in  uncomplicated in fa r c t io n .  An in cr ea se d  
^iai'diac output has o c c a s io n a l ly  been observed in  acute myocardial 
in f a r c t io n  ( S h i l l in g f o r d  and Thomas, 1967).  The norraal s tro k e  
volume and card iac output in  uncomplicated in fa r c t io n  and the reduced 
va lu es  in  a sii'igle p a t ie n t  with l e f t  heart f a i l u r e  (Case 3) are  in  
keeping w ith  the f in d in g s  of o ther  workers. While the  normal va lu es  
in  Case 1 and the  high v a lu e s  in  Cases 2 and 4  are a t  var ian ce  with the  
observat.i ons of o th e r s ,  they were to  be expected  in  view o f  the a s s o c ia t e d  
cardiac a b n orm alit ies .  I t  should, however, be noted th a t  in  the presence of  
m itral r e g u r g i ta t io n ,  s tro k e  volume derived  by ultrasound may be very  
d i f f e r e n t  from tru e  forward s tro k e  volume.
There are no p u b lish ed  rep orts  on the e j e c t io n  f r a c t io n  of the acuLely  
in fa r o te d  v e n t r i c l e .  By the c r i t e r i a  of Kennedy e t  a l ,  ( I 966) ,  e j e c t io n  
f r a c t io n  was abnormal in  only two p a t ie n t s  (Cases 3 ar.d 4 ) ,  both of whom 
were in  f a i l u r e .  .Hov/ever, v a lu es  below the normal range reported  in  Table 8 ,2 ,  
were obsei'ved in  s ev era l  uncomplicated in f a r c t s .  Because the e j e c t io n  f r a c t io n  
of the roriial l e f t  v e n t r i c l e  req u ires  fu r th e r  study, only the fo l lo w in g  l im it e d  
co n c lu s io n s  arc p o s s ib le ;  in  the context of acute myocardial in f a r c t io n  l e f t  
heart f a i l u r e  may be a s s o c ia t e d  with a normal or a reduced e j e c t io n  f r a c t io n  and 
in  uncomplicated in f a r c t io n  the e j e c t io n  fr a c t io n  i s  not s u b s t a n t ia l ly  reduced.
P o s te r io r  w a ll  d i a s t o l i c  v e l o c i t y  was low in  a p a t ie n t  with and in  o th ers  
without l e f t  heart f a i l u r e .  The low v e l o c i t i e s  were recorded d e s p i te  normal or 
high s trok e  volumes and could t h e o r e t i c a l l y  r e f l e c t  reduced ventricular-  
compliance.
Although Loeb e t  a l .  (1973) have found haemodynamic measurements to  be 
o f  l i t t l e  va lue  in  e s t im a tin g  v e n tr ic u la r  performance fo l lo w in g  myocardial
in f a r c t io n ,  echocardiographic measurements may have more to  o f f e r .
The am p li tu d e  of t h e  c i i t r a l  echogram
The amplitude of the m itra l echogram i s  c o n v en tio n a lly  measured as  
the v e r t i c a l  d is ta n ce  between p o in t s  C and E in  P ig ,  5 ,  1 (E dler , I 967) .
P u b lish ed  v a lu es  f o r  the amplitude o f  the normal m itr a l  echogran\ 
vary: -
Am plitude mm,
25 -  40 V/inters e t  a l . , 1957
24 -  32 S eg a l ,  L ik o f f  and K in g s ley ,  I 966
2Û -  33 , mean 27 E d ler ,  1957
Lîf -  33, mean 22 R oss, 1972
19 -  27 , mean 22 V/harton and Lopez B escos ,  1970
23 -  3 2 , mean 28 Burgess et a l . , 1973
I n  th e  study reported  in  Chap, 2, the echograms s e l e c t e d  fo r
measurement o f  the m itr a l  d i a s t o l i c  c lo su re  ra te  were o f  maximal
amplitude. Echogram am plitudes were measured in  the 43 s u b je c ts  whose
d i a s t o l i c  c lo su re  r a te s  have been graphed in  P ig , 2, 7: the  range v/as
22 to 41 ron w ith  a mean o f  29 .1  -  4 .3  mm. These are h igh er  va lu es  than
most o f  th ose  previously'- reported and they may in d ic a te  that e th er  workers
have been l e s s  c a r e fu l  to  record the maximal echogram amplitude,
Chakom et a l , , 1972 p o in ted  out th at the m itra l  echogram i s  a
composite o f  m itra l  ring movement and of movement of the a n te r io r  cusp
in  r e la t io n  to  the ring: P ig . 4 ,5  i l l u s t r a t e s  t h i s  w e l l .  C onvention a lly ,
the  t o t a l  amplitude o f  th e  m itra l echogi’am, which in c lu d es  the co n tr ib u t io n
of  ring movement in  s y s t o l e ,  i s  measured. I t  may, however, on occasion  be
in t e r e s t i n g  to  measure d i a s t o l i c  excu rs ion  of the a n te r io r  l e a f l e t  i , e .  the
v e r t i c a l  d is ta n c e  betr/;een p o in ts  D and E in  F ig , 3 ,1 .  In  the  normal su b jec ts
(P ig , 2 ,  7 ) t h i s  va lu e  ranged from 20 to  35 .3  mm with a mean o f 24 ,0  -  3 ,8  mm,
V/harton and Lopez B escos ( 1970) found an in crea sed  m itr a l  echogram
amplitude in  a o r t ic  and m itr a l  r e g u r g i ta t io n  and p o s tu la te d  that l e f t  v e n tr ic u la r
d i la t a t i o n  might be r e sp o n s ib le .  B e l lb o u se  (1972) used th ese  f in d in g s  to  
s u p p o r t / , , .
r->-
support h i s  cv/n ob serva tion s  on a model m itra l v i lv e :  he su ggested  that in  a
d i la t e d  v e n t r i c l e ,  reduced v o r tex  s tren gth  favours in cr ea se d  d i a s t o l i c  
excursion  of the m itra l l e a f l e t s .  Chakorn et a l ,  (1972) concluded th a t  
in creased  l e f t  v e n tr ic u la r  strok e  volume i s  a s so c ia te d  with in creased  
echogru.ii amplitude and th a t  increased  ring  movement i s  th e  most important 
fa c to r  co n tr ib u t in g  to  the in creased  o v e r a l l  excursion  of the echogram,
Cr the grounds that echogram amplitude i s  l i t t l e  d i f f e r e n t  from normal in  
m itra l s t e n o s i s  (F ig .  5 ,4 )  and th a t  no."mal or low amplitudes have been 
observed in  ischaem ic m itra l  incompetence (Table 7 ,2 )  and in  a o r t ic  
reg u r g ita t io n  (F ig , 6 , 1 ) ,  these  co n c lu s io n s  v/ere thought to  be su sp ect .
The r e la t io n s  of echogram amplitude to  the strok e  volume, e n d - d ia s t o l ic  
volune, e n d - s y s t o l i c  volume and e j e c t io n  f r a c t io n  of the l e f t  v e n t r i c l e  were 
in v e s t ig a te d  in  46 su b je c ts .  Of th ese  13 v/ere normal, 8 had a o r t i c  r e g u r g i ta t io n ,  
10 had non-rheumatic m itra l  r e g u r g i ta t io n  and 15 were on regu lar  d i a l y s i s  
therapy (Appendix): p a t ie n t s  w ith  rheumatic m itra l v a lv e  d is e a s e  were excluded
from the a n a ly s i s .  Amplitude and stroke volume were not s i g n i f i c a n t l y  c o r r e la te d  
( r  = -  0 .50; PO>Q,10 in  non-rheumatic m itra l  r e g u r g i ta t io n  and r = -  0 .25;
Pi^O, 10 in  ohe remaining 35 p a t i e n t s ) .  Amplitude and both e n d - d ia s t o l i c  volume 
( r  = -  0 .40 ;  P<A0,O1 -  F ig , 3 ,9 )  and e n d - s y s t o l i c  volume ( r  = -  0 ,39; P<CO,02) 
were n e g a t iv e ly  and s i g n i f i c a n t l y  c o r r e la te d .  Tlie c o r r e la t io n  between  
amplitude and e j e c t io n  f r a c t io n  ( r  = 0 .29; P'^AO,Op) was p o s i t i v e  and s ig n i f i c a n t .  
The f in d in g s  in d ic a te  th a t  as th e  l e f t  v e n t r ic l e  d i l a t e s ,  m itra l  echogram 
amplitude decreases: as  suggested  in  Chap, 7, chordal s t r e tc h in g  in  d ia s t o le
v/ith consequent r e s t r i c t i o n  of  m itr a l  l e a f l e t  excursion  may be r e sp o n s ib le .
Summary
The l i tcra tu .re  on the  u lt r a s o n ic  dimension o f  the l e f t  v e n t r i c l e  and on 
the v e n tr ic u la r  volumes and e j e c t io n  f r a c t io n  derived  from i t  i s  reviewed.
The r e s u l t s  of an echocardiographic study c f  the dim ensions, volumes and 
e je c t io n  fr a c t io n  of the l e f t  v e n t r ic le  in  normal su b je c t s  and in  p a t i e n t s  v/ith 
a o r t ic  and m itra l  va lv e  d is e a s e  are reported. I t  i s  concluded th a t  even  in  the  
p r e s e n c e / , . ,
U \ J ,
presence o f  v e n tr ic u la r  d i l a t a t i o n ,  the cube o f  the u l t r a s o n ic  dimension  
prov id es  a u se fu l  e s t im a te  of l e f t  v e n tr ic u la r  volume. A tten tio n  i s  drawn 
to three p o s s ib l e  sources  of measurement error and to  the need f o r  fu r th e r  
echocardiographic s t u d ie s  of the e j e c t io n  fr a c t io n .
The r e la t io n  between l e f t  v e n tr ic u la r  f i l l i n g  and the i n i t i a l  d i a s t o l i c  
v e l o c i t y  o f  the l e f t  v e n tr ic u la r  p o s te r io r  w all was shown not to  be a sim ple  
one. I t  i s  concluded that measurement of the p o s te r io r  w a l l  d i a s t o l i c  v e l o c i t y  
i s  of l i t t l e  p r a c t i c a l  va lu e  in  the  assessm ent of l e f t  v e n tr ic u la r  f i l l ir j^ >
I n  a  s e r i e s  of normal s u b j e c t s  m i t r a l  echogram a m p li tu d e  was 2 9 .1  -  4 .3  mm. 
No c o r r e l a t i o n  was obseiwed between echogram am p litu d e  and th e  m i t r a l  d i a s t o l i c  
c lo s u r e  r a t e .  A m plitude and  th e  e n d - d i a s t o l i c  and e n d - s y s t o l i c  volumes of th e  
l e f t  v e n t r i c l e  were n e g a t iv e ly  and s i g n i f i c a n t l y  c o r r e l a t e d .  The c o r r e l a t i o n  
between am p li tu d e  and e j e c t i o n  f r a c t i o n  was p o s i t i v e  and  s i g n i f i c a n t .
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F I G .  8 J
LEFT VENTRICULAR D I M E N S I O N  A N D  POSTERIOR WALL
v â k is
F I G .  8 , 2
IVS
V A R Y IN G  POSTERIOR WALL EXCURSIO N
F I G .  8 , 3  SWEEP FROM MITRAL VALVE TO APEX O F  LEFT VENTRICLE
F I G . 8 , 4  REVERSED SEPTAL M O T I O N  IN ATRIAL SEPTAL DEFECT 
E S V = 1 2 m l  EF = 0 . 8 4
TABLE 8,3, THE LEFT VENTRICLE IN ACUTE MYOCARDIAL INFARCTION
In fa rc t
s ite LVF
H e a r t
r a te
EDO EDV
m l .
ESD ESV 
m l .
SV 
m l .
C O
l/m in
EF PWE PW DV 
m m /s e c .
1 A n te r io r + 95 4 -7 102 2-4 15 87 8-3 0 -8 5 13-0 106
2 A n te r io r + 65 6  3 244 3 -8 53 191 13-0 0 -7 8 13-0 105
3 In fe r io r + 80 4  9 115 4 -0 64 51 4-1 0-4 4 10-0
4 In fe r io r + 88 6 9 33 4 5-7 180 154 13-6 0 -4 6 9 -5 4 7
5 A n te r io r - 75 5 -0 125 2-9 24 101 7-6 0 -8 0 16-0 112
6 A n te r io r - 9 2 5 -0 125 3-4 39 86 7 -9 0 -6 9 16-5 100
7 In fe r io r - 100 5 -0 125 3-5 42 83 8 -3 0-66 16-0 53
8 In fe r io r - 86 5 -3 151 3-3 34 117 10-1 0 -7 7 15-0 6 0
9 In fe r io r - 8 0 3 -6 48 2-7 20 28 2 -2 0 -5 8 10-5 73
10 In fe r io r - 75 5-4 157 3 -8 5 4 103 7 -7 0 -66 10-5 45
M e a n 84 5 -2 153 3 -6 53 100 8 -3 0 -6 7 13 7 8SO 11 0-8 9 81 0-91 4 7 4 7 3-5 0 -1 4 2-75 2 8
P > 0 -1 0 < 0 -1 0 > 0 -1 0 < 0 -0 2 < 0 -0 1
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IN CHiioTio ^ atlute
As c h ro n ic  r e n a l  f a i l u r e  p r o g r e s s e s  t o  th e  p o i n t  where r e g u l a r  d i a l y s i s  
th e ra p y  (RDT) i s  n e c e s s a r y ,  f l u i d  o v e r lo a d ,  s y s te m ic  h y p e r te n s io n  ( C u r t i s  e t  
a l . ,  1969) and anaemia (Adamson, E schbac ri’and F in c h ,  1968) a r e  u s u a l .  C l i n i c a l  
f e a t u r e s  o f  c i r c u l a t o r y  c o n g e s t io n  a r e  common i n  a c u te  (A g re s t  and P in k ie lm a n ,  
1967) and c h ro n ic  (D el G reco , Simon and Roguska, I 969) r e n a l  f a i l u r e .  A lthough 
Del Greco e t  a l .  ( I 969) have su g g e s te d  t h a t  th e  c i r c u l a t o r y  c o n g e s t io n  has  a 
n o n -c a rd ia c  b a s i s ,  o th e r s  have p o s t u l a t e d  t h a t  m y o card ia l  to x in s  c i r c u l a t e  i n  
uraem ic p a t i e n t s  and  t h a t  im p a ire d  m yocard ia l  c o n t r a c t i l i t y  may t h e r e f o r e  be a  
contributor;^’' f a c t o r  ( B a i le y ,  Hampers and M e r r i l l ,  I 967) .
L im ite d  haemodynamic s t u d i e s  have been c a r r i e d  out i n  a c u t e  r e n a l  f a i l u r e  
(A grest and P inic ielm an, I 967) and i n  p a t i e n t s  on m a in tenance  h ae ra o d ia ly s is :  
most have d em onstra ted  an i n c r e a s e d  c a r d ia c  o u tp u t  (Goss e t  a l . ,  1967; Del 
Greco e t  a l . , 1969; Hampers e t  a l - , , 1969; G u tk in  e t  a l . , 1969; N eff  e t  a l , , 1971; 
Tuclmian e t  a l . , 1972).  S y s t o l i c  t im e  i n t e r v a l s  have been m easured i n  d i a l y s i s  
p a t i e n t s  w i th o u t  c i r c u l a t o r y  c o n g e s t io n  (P rak ash  and V/egner, 1972) b u t  t h e r e  a r e  
no p u b l i s h e d  r e p o r t s  on l e f t  v e n t r i c u l a r  f u n c t io n  in  p a t i e n t s  w ith  c i r c u l a t o r y  
co n g e s t io n .
P e r i c a r d i a l  e f f u s io n  can  be  d iag n o sed  (Feigenbaum, 1970) and l e f t  
v e n t r i c u l a r  volumes and e j e c t i o n  f r a c t i o n  can  be m easured by echocard io g rap h y  
(Pombo, Troy and R u s s e l l ,  1971; Ludbrook e t  a l . ,  D973).
The aims o f  th e  p r e s e n t  s tu d y  were to  use th e  method to  i n v e s t i g a t e  l e f t  
v e n t r i c u l a r  pe rfo rm ance  i n  p a t i e n t s  w i th  c h ro n ic  r e n a l  f a i l u r e ,  w i th  and w i th o u t  
c i r c u l a t o r y  c o n g e s t io n ;  t o  compare th e  r e s u l t s  b e fo re  and a f t e r  a  s h o r t  p e r io d  
on RDT w i th  th o se  fram normal s u b j e c t s  and p a t i e n t s  s t a b i l i s e d  on RDT; and to  
no te  th e  in c id e n c e  of p e r i c a r d i a l  e f f u s io n  in  d i a l y s i s  p a t i e n t s .
M e th o d s / , , ,
Methods
The equipment used was an E s k o l in e  20 u l t r a s o n o s c o p e  with an unfocused 
t r a n s d u c e r .  Records were made w i th  a r  u l t r a v i o l e t  s t r i p - d . a r t  r e c o r d e r  
(Honeywell V is i c o r d e r )  ex cep t i n  Zf. i n s t a n c e s  where th e  t l m e - p o s i t i o n  d i s p l a y  
was re c o rd e d  d i r e c t l y  from th e  o s c i l l o s c o p e  f a c e  by P o l a r o i d  photogi 'aphy. The 
p a t i e n t s  were examined su p in e  and th e  t r a n s d u c e r  was p o s i t i o n e d  and  a n g le d  to  
d is p la y  s im u l tan e o u s  echoes from th e  i n t e r v e n t r i c u l a r  septum and from th e  l e f t  
v e n t r i c u l a r  p o s t e r i o r  w a l l  below th e  f r e e  m arg in  o f  th e  p o s t e r i o r  cusp ; c a r e  
was talzen t o  avoid, th e  r e g io n  of  th e  p o s t e r i o r  p a p i l l a r y  m uscle  (Chaps. 1+ andS), 
Dimensions, volumes and th e  e j e c t i o n  f r a c t i o n  were m easured and c a l c u l a t e d  from 
th e  mean of up to  11 c a r d i a c  c y c l e s  by th e  methods d e s c r ib e d  by Pombo e t  a i ,  ( l 9 ? l ) .  
The r e s u l t s  were compared w ith  th o s e  from 13 normal s u b j e c t s  (C h a p .8 ) ,
. S t a t i s t i c a l  a n a l y s i s  was by S t u d e n t ' s  * t* t e s t s  f o r  the  s i g n i f i c a n c e  of 
d i f f e r e n c e s  betw een means and betw een p a i r e d  o b s e rv a t io n s .
P a t i e n t s
Three g roups  vvei*e s tu d ie d .
Group 1 (T a b le  9 , l )  -  p re  d i a l y s i s
10 p a t i e n t s  ,-being c o n s id e r e d  f o r  i n c l u s i o n  i n  a  r e g u l a r  d i a l y s i s  programme.
The c l i n i c a l  fea tu u ’es of c i r c u l a t o r y  c o n g e s t io n  were p r e s e n t  i n  each; a l l  had 
p c i i p h e r a l  oedema, r a i s e d  jugu].a r  venous p r e s s u r e ,  a p i c a l  t r i p l e  liythrr. and  
b a s a l  c r e p i t a t i o n s .  Of t h e  3 p a t i e n t s  in  whom in fo rm a t io n  was a v a i l a b l e ,  7 had 
r a d io g ra p h ic  pulmonary- oedema. One p a t i e n t  was n o rm o tens ive ,  th e  rem a in d er  h a i  
m ild  o r  m odera te  systemd.c h g 'p e r te n s io n .  A l l  were anaem ic , th e  h ig h e s t  packed  
ce] 1 volume b e in g  31 '^» The mean v a lu e s  f o r  packed  c e l l  vol'ume, b lood  p r e s s u r e  
and c a r d i o - t h o r a c i c  r a t i o  i n  t h i s  group have been t a b u l a t e d  ( T a b l e . 9 ,3 ) .
P a t i e n t  9 was r e j e c t e d  f o r  RDT and p a t i e n t  6 d ie d  b e f o r e  i t  cou ld  b e g in .
Group 2 (Tabl e  9 .2) -  on RDT
6 p a t i e n t s  from Group 1 on RDT f o r  l e s s  th a n  3 (mean 5) weeks. They
were d i a l y s e !  t h r e e  t im es  p e r  week and u l t r a s o n i c  exam ina t ion  .vas c a r r i e d  out
on th e  f i r s t  o r  second p o s t - d i a l y s i s  day. S igns  cf  c i r c u l a t o r y  c o n g e s t io n  were 
p r e s e n t / . , .
p r e s e n t  i n  two p a t i e n t s  o f  whom one }iad r a d io g ra p h ic  pulm onary oedema. One- 
was norm otensive  and one was s e v e re ly  h y p e r te n s iv e .  A l l  wei-e anaem ic , th e  
h ig h e s t  packed  c e l l  vo lune  b e in g  2 ^ ,  The mean v a lu e s  f o r  packed  c e l l  volume, 
b lo o d  p r e s s u r e  and c a r d i o - t h o r a c i o  r a t i o  i n ' t h i s  group have been t a b u l a t e d  
(T ab le  9 , 3 ) .
Group 3 (T ab le  9 .4 )  -  on RDT
A m isc e l la n e o u s  group of 9 p a t i e n t s ,  a l l  on RDT f o r  more th a u  6 months 
b u t  w ith  v . ide ly  v a ry in g  c l i n i c a l  f e a t u r e s , ’ Thus, p a t i e n t s  3 , 4» 11 12
were examined tv/o weeks a f t e r  s u c c e s s f u l  r e n a l  t r a n s p l a n t  p ro c e d u re s :  p a t i e n t s  
1 and 13 w ere examined to  con firm  r a d io g ra p h ic  ev idence  of p e r i c a r d i a l  e f f u s io n  
and p a t i e n t s  1/+, 15 and l6  were examined b e ca u se  of p e r s i s t i n g  ev idence  of 
c i r c u l a t o r y  c o n g e s t io n  d e s p i t e  RDT,
S ig n s  of c i r c u l a t o r y  c o n g e s t io n  were p r e s e n t  i n  6 p a t i e n t s  of whom 5 had 
r a d io g ra p h ic  pulmonary oedema. Two w ere n o m o te n s iv e  and sy s te m ic  h y p e r te n s io n  
v a r i e d  from m ild  to  s e v e re  in  t h e  rem ainder.  A ll  were anaem ic , t!ie h ig h e s t  PCV 
b e in g  32^. The c a r d io - th o r a c i .c  r a t i o  was c l e a r l y  in c r e a s e d  i n  6 c a s e s .
Re s u l t s
The e c h o c a rd io g ra p h ic  f i n d i n g s  in  Groups 1, 2, and 3 a r e  p r e s e n te d  i n  
T ab les  9 ,5 ;  9 ,6  and 9 ,7  r e s p e c t i v e l y .  (Because volume was c a l c u l a t e d  from 
dim ension  c o r r e c t e d  to  two dec im al p l a c e s ,  th e  volumes t a b u l a t e d  a r e  no t 
alw ays t h e  p r e c i s e  cube of th e  c o r re s p o n d in g  d im en s io n s ) .
Group 1 (T a b le  9 ,5 )
P e r i c a r d ia ] ,  e f f u s i o n  was d iag n o sed  from th e  p l a i n  c h e s t  ra d io g ra p h  i n  
3 ca se s  (T ab le  9 ,1 )  and by u l t r a s o u n d  (P ig  9 , l )  i n  6 c a s e s  ( p a t i e n t s  1 -  A, 6 
and 8 ) .
The mean h e a r t  r a t e  was 93 b e a t s /m in .  Mean e n d - d i a s t o l i c  and e n d - s y s t o l i c  
d im ensions and th e  c o r re sp o n d in g  mean e n d - d i a s t o l i c  (P<k_0.COl) and  e n d - s y s to l i c  
(P<C1.32) volumes were s i g n i f i c a n t l y  in c re a s e d  w ith  r e s p e c t  t o  normal. End- 
d i a s t o l i c  volume was g r e a t e r  th a n  n o m a l  in  8 c a s e s :  i t  was noir:.T.l i n  th e  only
p a t i e n t  ( p a t i e n t  3) known not to  have pulmonary oedema and was w i t h i n  th e  nc i 'xa l
ra n
range b u t  13D above th e  n c m e l  mean in  one o th e r  ( p a t i e n t  9 ) .  E n d - s y s to l i c  
volume was normal i n  4 c a s e s ,  in c lu d in g  p a t i e n t s  3 and 9; was w i t h i n  th e  ncriual 
range b u t  ISO above th e  normal mean i n  one and was ah no nr a l l y  in c re a s e d  i n  the 
rem ainder.
Kean s t r o k e  volume and mean c a r d i a c  o u tp u t  were in c r e a s e d  (P<C O.OOl): 
v a lu e s  w i th in  th e  ran g e  of th e  p r e s e n t  normal s e r i  es were, however, re c o rd e d  
i n  p a t i e n t s  3 and 9 f o r  s t r o k e  volume and i n  p a t i e n t  9 f o r  c a r d i a c  o u tp u t .  
Although th e  mean v a lu e  was norr.ial, e j e c t i o n  f r a c t i o n  was reduced  in  t ’vo 
p a t i e n t s  (3 and ? )•
C a rd ia c  o u tp u t  and pack ed  c e l l  volume v/ei'e not i n v e r s e l y  c o r r e l a t e d  
( r  = 0 .2 4 ;  P ^ O .I O ) .
Group 2 ( T able  5 , 6 )
P e r i c a r d i a l  e f f u s io n  was d iagnosed  from the  p l a i n  c h e s t  r ad io g ra p h  in  
one c a s e  (T ab le  9 ,2 )  and by u l t r a s o u n d  i n  two c a se s  ( p a t i e n t s  4- and S).
The moan h e a r t  r a t e  was 30 b e a t s /m in .  Mean e n d - l i a s l o l i c  and e n d - s y s to l i c  
d im ensions and iiiO co r re sp o n d in g  mean e n d - d i a s t o l i c  (P^'^ 0 , 003) and e n d - s y s t o l i c  
(P - ^ ^ .001 ) volumes v/ei'e in c r e a s e d  w ith  r e s p e c t  t o  normal; th e  volumes were 
g r e a t e r  th a n  normal i n  a l l  b u t  p a t i e n t  3.
Kean s t r o k e  "volume and mean c a r d i a c  o u tp u t  v/eie above normal ( p c 0 . 02) ; 
s t ro k e  volume was, however, normal i n  p a t i e n t  3 and c a r d i a c  o u tp u t  was normal, 
i n  p a t i e n t s  3 and 10, Two p a t i e n t s  (3 and 7) had e j e c t i o n  f r a c t i o n s  below 
th e  p r e s e n t  noim al range  and mean e j e c t i o n  f r a c t i o n  f o r  th e  group was reduced  
(P-^wO, O l) ,  The f i n d i n g s  i n  p a t i e n t s  w i th  and w ith o u t  c i r c u l a t o r y  c o n g e s t io n  
a r e  compared i n  T ig . 9,2$
C a rd ia c  o u tp u t  and packed c e l l  volume were not i n v e r s e l y  c o r r e l a t e d  
( r  = 0 .2 1 ;  P ^ O . I O ) .
Comparison of f in d in g s  b e f o r e  RDT and a f t e r  3 weeks on RDT (Groups 1 and 2)
"with HOT, th e  h e a r t  r a t e  ( P —0 . 02) and the  c a r d i c t h o r a c i c  r a t i o  (P^'jO.Op) 
d e c re a se d  (T ab le  9 ,3 ) .  A l t e r a t i o n s  i n  ] .e ft v c n t r i c u la i -  volumes and perfo rm ance  
w e r ^ ,  , ,
were n o t  s i g n i f i c a n t  and showed no c o n s i s t e n t  t r e n d s  (T ab le  9 ,6 ) ,
I n  two p a t i e n t s  (7  and 3) s ig n s  of c i rc u la to ry ^  c o n g e s t io n  p e r s i s t e d  
a t  the  second ex am in a t io n  d e s p i t e  a  p e r io d  o f  RDT; ca rd i .ac  o u tp u t  and 
e n d - d i a s t o l i c  volume i n c r e a s e d  i n  b o th .
I n  f o u r  p a t i e n t s  (3,4-,5 and lo )  s ig n s  c f  cd rcw la to ry  c o n g e s t io n  r e s o lv e d  
between th e  e x am in a t io n s .  IThile c a r d i a c  o u tp u t  f e l l  i n  th i 'c e  i n s t a n c e s  v/ith 
an  acconiparying r e d u c t io n  i n  e n d - d i a s t o l i c  volume i n  p a t i e n t s  i and 10 , i t  
ro s e  i n  p a t i e n t  5 i n  whom e n d - d i a s t o l i c  vqlume was c o n c ta n l .
Echocard iogram s and c h e s t  ra d io g ra p h s  from p a t i e n t s  5 snd 2.0 b e f o r e  and 
a f t e r  RDT a r e  shown in  P ig s .  9^3 and 9,4$
Group .3^. . (T ab le  9 ,7)
P e r i c a r d i a l  e f f u s i o n  was d ia g n o sed  from th e  p l a i n  c h a r t  ra d io g ra p h  i n  
4- ca se s  (T ab ic  9^ .4-) end by u l t r a s o u n d  in  p a t i e n t s  1 , 11 and 12,
B ecause  th e  r e s u l t s  v a r i e d  w id e ly ,  mean v a lu e s  w ere n o t  ca3cu2.ated 
f o r  t h i s  group . I n  F ig .  9^2 th e  r e s u l t s  a r e  compared w ith  th o s e  from 
th e  normal s e r i e s  and from Groups 1 and 2: p a t i e n t s  w i th  c l i n i c a l  s ig n s
c f  c i r c u l a t o r y  c o n g e s t io n  are , i d e n t i f i e d ,
S n d - d i a s t o l i c  and e n d - s y s t o l i c  volumes were i n c r e a s e d  in  f i v e  and 
normal i n  f o u r  c a s e s ;  c a r d i a c  o u tp u t  was high i n  fivs^ normal i n  th r o e  and 
low i n  one c a s e ;  s t r o k e  volume was h ig h  i n  t h r e e ,  normal i n  f i v e  and lo-.v 
i n  two c a s e s ;  e j e c t i o n  f r a c t i o n  was normal i n  f i v e  and reduced  in  f o u r  c a s e s .  
Of th e  s i x  p a t i e n t s  in  t h i s  group w ith  s ig n s  cf  c i i r u l a t o r /  c o n g e s t io n ,  
f o u r  had a  reduced  e j e c t i o n  f r a c t i o n  and  t h r e e  had a low c a r d i a c  o u tp u t .  
Packed c e l l  volume and c a r d i a c  o u tp u t  were no t i n v e r s e l y  c o r r e l a t e d  
( r  = 0 .5 3 ;  P - O . I O ) .
The echocard iogram  and c h e s t  r a d io g ra p h  o f  p a t i e n t  15 a r e  shown i n
Pis. 9A/
D is c u s s io n
C a rd ia c  o u tp u t  h as  been found  to  be h igh  i n  a c u te  r e n a l  fa i lu -^e  (A gres t  
a r . d / . . ,
and Pinlciolfian, I 967) and i n  p a t i e n t s  s t a b i l i s e d  on m a in tenance  h aem o d iaJy s is  
(Goss e t  a l . ,  1967; G u tk in  e t  a l . ,  1369; N eff e t  a l . ,  1971; Tuckman e l  a l . ,  1972) 
The %)resent s tudy  hus shewn t h a t  a  h igh  ou tpu t i s  a l s o  u su a l  i n  p a t i e r  t s  w ith  
ch ro n ic  r e n a l  f a i l u r e  aw ait ir ig  t h e i r  f i r s t  d i a l y s i s  o r  on IDT f o r  a s h c id  
pciiocl. T t con firm s  th e  f in d i n g s  i n  a group of p a t i e n t s  about to  s t a r t  RDT 
i n  'vvhom c a r d ia c  o u tp u t  was measured by i y e - d i l u t i c n  (T ab le  9 , 3 ) ,  I t  sh o u ld ,  
however, b e  n o ted  t h a t  c a r d i a c  o u tp u t was low er i n  th e  group i n  which i t  was 
measured by c o n v e n t io n a l  methods.
A h igh  c a r d ia c  o u tp u t  i s  t h e o r e t i c a l l y  t o  be e x p ec ted  in  e n d -s ta g e  
ch ro n ic  r e n a l  f a i l u r e  which i s  f r e q u e n t ly  a s s o c i a t e d  w ith  anaemia and an 
in c re a s e d  p)lasma volvime (Goss e t  a l . ,  1967; G u tk in  e t  a ] . ,  I 969) .  N eff  e t  a ] ,  
( 1971) concluded  t h a t  th e  in c r e a s e d  c a r d i a c  o u tp u t  i n  c h ro n ic  r e n a l  f a i l u r e  
i s  secondary  to  anaem ia w hile  G u tk in  e t  a l .  ( I 969) and Tuckman e t  al.. (1^72) 
dem onstra ted  a s i g n i f i c a n t  in v e r s e  c o r r e l a t i o n  I etween packed  oel.l  volume 
and c a r d i a c  o u tp u t  i n  p a t i e n t s  s t a b i l i s e d  on RDT, The absence  o f  such a 
c o r r e l a t i o n  i n  the  p r e s e n t  s e r i e s  of p a t i e n t s ,  a l l  of whom wore anaem ic , 
su g g es ts  t h a t  b e fo re  and e a r ly  i n  the  cou rse  of RDT, th e  h igh  c a r d i a c  ou tpu t 
has a l i i t i o n a l  d e te rm in a n ts .  Cne o f  th e s e  may in c r e a s e d  b lo o d  vol Uf.ie; 
t o t a l  body w a te r  i s  in c r e a s e d  i n  p a t i e n t s  about to  s t a r t  on RDT (T ab le  9 ,8 ) ,  
plasma volume i s  in c re a s e d  in  a c u t e  r e n a l  f a i l u r e  and in  p a t i e n t s  on m ain tenance  
h aem o d ia ly s is  (G u tk in  e t  a l . ,  I 969) ,  w h i le  b lo o d  vcluime ar-^ c a r d i a c  o u tp u t  a r e  
s i g n i f i c a n t l y  c o r r e l a t e d  in  a c u te  r^ n a l  f a i l u r e  (A gres t  and Finkiel.man, I 967) .
The p re s e n c e  of a s u r g i c a l l y  c r e a t e d  a r t ^ r i c - v e n o u s  communication which may 
in c r e a s e  th e  c a r d i a c  o u tp u t  by as much a s  29^' (kenno e t  a l . , I 967) i s  a n o th e r  
p o s s i b l e  b u t  p ro b a b ly  l e s s  im p o r ta n t  f a c t o r .
Del Greco e t  a l .  ( 1969) observed  w idely  v a ry in g  c a r d i a c  o u tp u ts  and 
b o th  normal and p ro lo n g e d  c i r c u l a t i o n  t im es  in  p a t i e n t s  w ith  c i r c u l a t o r y  
-congestion.. They concluded  tî^at i n  c h ro n ic  uraem ia, c i r c u l a t o r y  c o n g e s t io n  
r e s u l t s  from a v a r i e t y  o f  haemodynainic, m yocard ia l  and m e ta b o l i c  a l t e r a t i o n s .
1 /eft v e n t r i c u l a r  f u n c t io n  has been  a s s e s s e d  i n  mere d e t a i l  i n  th i - ' r e s e n t
'h e / . . .
The e n d - d i a s t o l i c  volume and the  c o n t r a c t : !  i t y  of a  v e n t r i c l e  de te rm ine  
i t s  e j e c t i o n  f r a c t i o n .  The e j e c t i o n  f r a c t i o n  th u s  p r o v id e s  in f o r m a t io n  on 
v e n t r i c u l a r  pe rfo rm ance  b u t  i s  n o t  an adequa te  in d e x  c o n t r a c t i v i t y  
(Mite l .e l l  ai'.d 'u i l d e n th a l ,  1972), U l t r a s o n i c  an i  c in c an g ic g .rap h ic  e s t im a te s  
of e j e c t i o n  f r a c t i o n  a r e  c lo s e ly  c o r r e l a t e d  (Fcmbo, Trey and R u s s e l l ,  1971). 
Although in  th e  p r e s e n t  normal s e r i e s  th e  e j e c t i o n  f r a c t i . c n  was n ev e r  l e s s  
th a n  7C^, o th e r s  have  a c c e p te d  57^ a s  t h e  low er  l i m i t  of norm'll (Kennedy e t  
a l , ,  1966; Gibson and Brown, 1973)•
B e fo re  RDT, circulatojOy" c o n g e s t io n  was a s s o c i a t e d  w ith  h ig h  s t r o k e  
and c n d - d i a s t o l i c  volumes and w ith  a  normal e j e c t i o n  f r a c t i o n .  There v.-*^ 're, 
however, two e x c e p t io n s ;  i n  p a t i e n t s  5 &nd 7 s t r o k e  volume was in c r e a s e d  
b u t  th e  e j e c t i o n  f r a c t i o n s  w ere w e l l  below the  p r e s e n t  noim al range ,  A lth o ’ugh 
they f a l l  w i th in  th e  normal l i m i t s  .if Kennedy e t  a l .  (1 9 6 5 ) ,  i t  i s  s u g g e s te d  
t h a t  th e s e  v a lu e s  a r e  i n a p p r o p r i a t e l y  low f o r  v e n t r i c l e s  fu n c t io n in g  a t  a 
h igh  e n d - d i a s t o l i c  voiaume and t h a t  they  t h e r e f o r e  r e f l e c t  im p a ire d  l e f t  
v e n t r i c u l a r  f u n c t io n ,  ' I t  i s  im p o ss ib le  to  be  c e r t a i n  w h e th e r  im p a ired  
c o n t r a c t i l i t y  o r  an  in c r e a s e  i n e n d - d i a s t o l i c  volume to  the  p o in t  wh%rc th e  
v e n t r i c l e s  were o p e ra t in g  on th e  downslopo of th e  F r a n k - S ta r l i r ig  cu rve  was 
r e s p o n s ib le  f o r  th e  reduced  e j e c t i o n  f r a c t i o n s .  However, th e  f a c t  t h a t  a f t e r  
RDT, e j e c t i o n  f r a c t i o n  in c r e a s e d  d e s p i t e  u n a l t e r e d  ( p a t i e n t  f )  and i r e  reu sed  
( p a t i e n t  7) e n d - d i a s t o l i c  volum es, su g g e s ts  t h a t  f a c t o r s  o t h e r  than  th e  
F r a n k - S ta r l i n g  mechanism were o p e r a t iv e .
The f in d i n g s  i n  p a t i e n t s  in  whom c i r c u l a t o r y  c o n g e s t io n  was p r e s e n t
d e s p i t e  more than  6 months on RDT were c l e a r l y  d i f f e r e n t .  Thus though c a r d i a c
ou tpu t was h ig h  and v e n t r i c u l a r  f u n c t i o n  was normal i n  3 p a t i e n t s ,  i n  t h r e e
o th e rs  s t r o k e  volume was low and e j e c t i o n  f r a c t i o n  was s e v e r e ly  reduced .
E n d - d i a s t o l i c  volume was in c r e a s e d  i n  p a t i e n t  15 (F ig ,  9 ,5 )  who conformed
c l i n i c a l l y  to  B a i l e y ' s  d e s c r i p t i o n  of u raem ic card !cm ycoa try  (B a i le y  e t  a l . ,
1967) .  Al til 0 ugh he had no c l i n i c a l  ev idence  of isch aem ic  heaid; d i s e a s e  and
was only m od e ra te ly  h y p e r te n s iv e ,  c a r d i a c  en largem ent had p r o g r e s s e d  r a p id l y
and he was i n  i n t r a c t a b l e  c o n g e s t iv e  c a r d i a c  f a i l u r e  w ith  hepatom egaly and 
a s c i t e s / . , ,
a s c i t e s .  E n d - d i a s t o l i c  volume was normal i n  p a t i e n t  14 bu t c a r d i a c  s i s e  
in c re a s e d  subsequen tly  and she  d ie d  i n  l e f t  heai-t f a i l u r e *  th e r e  w as no 
m acroscopic  ev idence  of coronary  a r t e r y  d i s e a s e  a t  a u to p sy .  P a t i e n t  l 6  
had a h i s t o r y  o f  ang ina  and f r e q u e n t  a r rh y ttm iia s  d u r in g  d i a l y s i s  p ro c e d u re s .
I t  can  be  b ro a d ly  concluded  f i r s t l y ,  t h a t  c i r c u l a t o r y  c o n g e s t io n  and 
pul'nonary oedema b e f o r e  o r  i n  the  e a r ly  s t a g e s  o f  RDT a r e  j s u a l l y  a s s o c i a t e d  
v/ith normal l e f t  v e n t r i c u l a r  perfo rm ance  and seco n d ly ,  t h a t  t h e s e  f e a t u r e s  
commonly r e f l e c t  iü ipa ired  v e n t rd .c u la r  fun  ration i n  p a t i e n t s  m a in ta in e d  on 
d ia ly^sis  f o r  lo n g e r  p e r i o d s .  The f i n d i n g s  in  Groups 1 and 2 alt>o s u g g e s t  
t h a t  i n  th e  e a r ly  s t a g e s  of RDT, r e s o l u t i o n  of c i r c u l a t o r y ’- c o n g e s t io n  i s
a s s o c i a t e d  v/ith  a r e d u c t io n  i n  c a r d i a c  o u tp u t .
B lood p r e s s u r e  u s u a l ly  comes un.ter s a t i s fa c to ry *  c o n t r o l  w i th in  t h e  
f i r s t  two months of RDT ( C u r t i s  e t  a l . ,  195$).  D ecreases  i n  t o t a l  
exchangeab le  sodium ard  e x t r a c e l l u l a r  f l u i d  volume have been shown to  be  
a s s o c ia t e d  w i th  th e  f a l l  i n  b lo o d  p r e s s u r e  on d i a l y s i s  (Blumberg e t  a l . ,  1967). 
I n  th e  p r e s e n t  s e r i e s ,  b l  ood p r e s s u r e , responded v a r ia b ly  and i n  t h r e e  c a s e s  
a c t u a l l y  in c r e a s e d  d u r in g  th e  f i r s t  tr.vo months on d i a l y s i s .  These at.ypic& l 
re sp o n se s  co u ld  e x p la in  the  ab sen ce  of c o n s i s t e n t  ch a rg e s  i n  v e n t r i c u l a r  
d im ensions  and f u n c t i o n  over th e  p e r io d  b u t  t h e r e  were o t h e r  p o s s ib le  v a r i a b l e s .  
Thus, i n  Group 2, th e  d eg ree  o f  sodium and w a te r  r e t e n t i o n  cou ld  bo e x p ec ted  
to  bo g r e a t e r  i n  th o s e  p a t i e n t s  examined on th e  second th a n  i n  th o se  examined 
on the  f i r s t  p o s t -9 ia ly * s i s  day. F u r th e r ,  a l l  p a t i e n t s  had a r a d i a l  
a r t e r io - v c n o u s  f i s t u l a  o f  th e  Cimi n o -B re sc ia  ty p e  b u t  th e  s i z e  of th e  
communication judged from the  d im ensions  of th e  a r t e r i a l i s e d  v e i n  v a r i e d  
c o n s id e ra b ly .
I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  i n  p a t i e n t s  3 and 4  no m a jo r  haernodyî:arnic 
ad ju s tm e n ts  a p p a r e n t ly  o c c u r re d  a f t e r  th e  f i r s t  few weeks on RDT; s t r o k e  
volume and c a r d i a c  o u tp u t  were e s s e n t i a l ly -  th e  same when they’- w ere examined
a f t e r  l e s s  th a n  two months and a f t e r  a y e a r  on d i a l y s i s .  F ig .  9 ,6  i s  a
t r a c in g  from p a t i e n t  4 a t  12 months; i t  shows the  p e r s i s t e n t  i n c r e a s e  i n
end d i a s t o l i c  d im ension .
F c h o o a rd io g ra p h y / . . .
89.
E ckocard iogrophy  in  new w ide ly  acceq/tcd a s  th e  m ethod c f  chodca f o r  
th e  d e t e c t i o n  o r  e x c lu s io n  c f  p ^ e r ic a rd ia l  e f f u s io n  (Peigenbaum, I 970) :  i n
th e  p r e s e n t  s tu d y  i t s  s u p e r i o r i t y  e v e r  the p l a i n  c h a r t  rad iog i 'aph  was 
c l e a r l y  d em o n s tra ted .  P e r i c a r d i a l  e f f u s io n  was p r e r e n t  in  a l l  th e  Groups 
s tu d ie d  b u t  i t s  in c id e n c e  was h ig h e s t  ( 60^ )  i n  th e  p r e - d i a l y s i s  p a t i e n t s .
The e f f u s io n s  d im in ish ed  o r  r e s o lv e d  d u r in g  th e  e a r ly  weeks cf RDT, th e  
p r o c e s s .b e in g  r e f l e c t e d  in  a  s i g n i f i c a n t  f a l l  i n  c a r d i o - t h o r a c i c  r a t i o  
d e s p i t e  u n a l t e r e d  v e n t r i c u l a r  d im ensions.
The n o n - in v a s iv e  n a tu r e  of ech o card io g rap h y  s u i t s  i t  t o  th e  i n v e s t i g a t i o n  
of q .a t ie n t s  w ith  r e n a l  f a i l u r e .  There a r e  many rea so n s  why such p a t i e n t s  
should n o t  be s u b je c t e d  to  more a g g r e s s iv e  i n v e s t i g a t i v e  methods; th ey  
cannot a f f o r d  to  lo s e  b lo o d ,  th e y  a r e  unab le  to  e x c r e te  c o n t r a s t  media and 
th e y  r e q u i r e  i n t a c t  v e s s e l s  f o r  a c c e s s  to  th e  c i? rc u la t io n  a t  d i a l y s i s .
T h is  s tu d y  has shown t h a t  c a r d i a c  u l t r a s o u n d  can  p r o v id e  in i’c rm a tion  
which i s  p o t e n t i a l l y  u s e f u l  f o r  th e  management o f  p a t i e n t s  on r e g u la r  
d i a l y s i s  th e ra p y .  Thus, a p a r t  from th e  obvious v a lu e  o f  i d e n t i f y i n g  o r  
exc lud ing  p e r i c a r d i a l  e f f u s i o n  a s  a  cause  o f  r a d io g r a p h ic  ca rd io m eg a ly ,  
i t  may be p o s s i b l e  to  d i f f e r e n t i a t e  e c h c c a r d io g r a p h ic a l ly  betw een p a t i e n t s  
in  whom c i i ' c u l a t o r y  c o n g e s t io n  cou ld  be e x p ec ted  to  respond  to  d i g i t a l i s a t i o n  
and th o s e  i n  whom i t  sho u ld  be t r e a t e d  by an  in c r e a s e  i n  d i a l y s i s - t i m e .
The b a s i c ,  somewhat academ ic q u e s t i o n  of w he ther  ” u raem ia” can by 
i t s e l f  im p a i r  m y o card ia l  c o n t r a c t i l i t y  rem ains unanswered, A f u r t h e r  s tudy  
i s  p la n n ed  i n  which m u l t ip l e  a sse ssm en ts  of l e f t  v e n t r i c u l a r  f u n c t i o n  by 
u l t r a s o u n d  and by s y s t o l i c  t im e  i n t e r v a l s  \ / i l l  be  made durirg ,  th e  f i r s t  few 
weeks on d i a l y s i s :  i t  w i l l  in c lu d e  measurements a c r o s s  s i n g l e  d i a l y s i s
p ro c e d u re s .
7 .^
Summary
S igns  of c i r c u l â t o iy  c o n g e s t io n  a r e  common i n  c h ro n ic  r e n a l  f a i l u r e  
b u t  t h e i r  cause h as  not been e s t a b l i s h e d .  The d im en s io n s ,  s t r o k e  volume and 
e j e c t i o n  f r a c t i o n  of th e  l e f t  v e n t r i c l e  were m easured by u l t r a s o u n d  in  10 
p a t i e n t s  a b o u t  to  s t a r t  RDT, I n  6 of them, th e  measurements were r e p e a te d  
a f t e r  l e s s  th a n  2 months on RDT. The r e s u l t s  were compared w ith  th o se  from 
normal s u b j e c t s  and from p a t i e n t s  on RDT f o r  more than  6 months.
The f in d i n g s  b e f o r e  and a f t e r  2 months on RDT were e s s e n t i a l l y  th e  same: 
e n d - d i a s t o l i c ,  e n d - s y s t o l i c  ar:d s t r o k e  volumes were in c r e a s e d  w ith  r e s p e c t  to  
normal and, d e s p i t e  r a d io g r a p h ic  ev idence  of  pulmonary venous c o n g e s t io n  and 
pulmonary oedema, e j e c t i o n  f r a c t i o n  was normal. I n  c o n t r a s t ,  e j e c t i o n  f r a c t i o n  
was reduced  in  4  of t h e  6 p a t i e n t s  i n  whom s ig n s  o f  c i r c u l a t o r y  c o n g e s t io n  
were p r e s e n t  d e s p i t e  more th a n  6 months on ROT,
I t  i s  concluded  t h a t  w hereas l e f t  v e n t r i c u l a r  d y s fu n c t io n  i s  no t 
u s u a l ly  r e s p o n s ib le  f o r  c i r c u l a t o r y  c o n g e s t io n  b e f o r e  RDT o r  i n  i t s  
e a r l y  s t a g e s ,  im p a ired  v e n t r i c u l a r  perfo rm ance  shou ld  be s u sp e c te d  when 
c i r c u la to r} ’ c o n g e s t io n  i s  p r e s e n t  i n  a p a t i e n t  e s t a b l i s h e d  on RDT f o r  some 
months.
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TABLE 9 , 6 EC H O C A R D IO G R A PH IC  F I N D I N G S  -  G R O U P  2
Heart rate 
min.
End-diastolic 
dimension volume 
cm. ml.
End- syst< 
dimension 
cfS7
ilic 
volume 
m l.
Stroke 
volume 
m l.
Cardiac
output
l/m in.
Ejection
fraction
Posterior 
wall excursion 
mm.
3 86 4-7 103 3 . 3 34 69 5*9 0*67 10*5
4 67 6-7 302 ^ 4 .1 69 233 15*6 0*77 15*0
5 104 6-7 297 4 . 3 76 221 22*9 0*74 16*5
7 86 6»1 224 4 . 3 82 142 12*2 0*63 18*5
8 75 6-7 297 4 . 3 82 215 16*1 0*72 18*0
10 64 5-5 169 3 . 5 42 127 8*2 0*75 12*5
Mean 80 6.1 232 4 . 0 64 168 13*5 0*71 15*2
SD 15 0*82 82 0 .4 5 21 65 6*1 0*05 3*2
•P <0*005 <0.005 <0*001 <0*001 <0*02 <0*02 <0*01 <0*05
’P <0*02 >0*10 >0*10 >0*10 >0*10 >0*10 >0*10 >0*10 >0*10
'P (tatlitical tignificance of difference from normal group (Chop. 8) 
’P ttatitticol tignificance of difference from pre-RDT retuift (Table 8)
iTABLE 9 , 7 EC H O CARDIO GRAPH IC  F I N D I N G S  -  G R O U P  3
Heart rate 
min.
End-diastolic 
dimension cm.
End-diastolic 
volume ml.
End-$y$tc!t' 
dimension cm.
End-systolic 
volume ml.
Stroke 
volume m l.
Cardiac 
output l/m in .
Ejection
fraction
Posterior wall 
excursion mm.
1 115 5*7 180 3*2 32 148 17*0 0*82 15*5
3 80 4*6 94 3*1 28 66 5*3 0*70 10*0
4 71 6*6 282 3*6 48 234 16*6 0*83 15*0
11 93 5*5 166 3*8 59 107 10*0 0*64 10*0
12 80 5*3 149 2*8 22 127 10*2 0*85 11*0
13 92 5*2 141 3*3 36 105 9*7 0*74 9*0
1 4 ) 113 4*6 94 3*8 55 39 4*4 0*41 7*0
15 100 7*2 369 6*8 319 50 5*0 0*14 7*5
16 71 4*4 86 3*9 58 28 2*0 0*33 8*0
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F I G .  9 ,1 PERICARDIAL EFFUSION IN PATIENTS A W A I T I N G  RDT
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f^lG.  9 , 2  ULTRASONIC ASSESSMENT O F  THE LEFT VENTRICLE 
IN G R O U P S  I ,  2 an d  3 A N D  IN N O R M A L  SUBJECTS,
A -  CIFICULATORY CONGESTION PRESENT
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FIG. 9,5 CASE 15 - See Text
TABLE 9 , 8 10 PATIENTS A W A IT IN G  RDT 
(Cuesta  e t  a l . ,  unpubl ished  obs ervat ions)
PCV %
M e a n  BP 
mm Hg
Total body water  
%  of pred ic t ed
C a rd i ac  output  
l /min
Stroke volume 
ml
Ronge 16 -  28 80 -  175 1 0 0 -  131 5-3 -  13-4 61 -  165
M e a n 21-4 114.4 116-5 8-0 105-5
SD 4-5 26-0 9-7 2-9 29-7
s JA; s  VVv
F I G .  9 , 6 CASE 4  -  AFTER 12 M O N T H S  O N  RDT
CH/lPTEl 10 
A R O U T ir ? :  SK R V T C E  i r  C 4 T 0 I A C  H I ,T R \3C J T 'j
A r o u t i n e  e c h o c a rd io g ra p h ic  s e r v i c e  has  been  cstabD is h e d  in  th e  
V/estern I n f i r m a r j ,  Glasgow, The worki.oad i s  sh a re d  be tw een  a  c a r d i o l o g i s t  
and a  r a d i o l o g i s t .  There i s  n u r s in g  and  s e c r e t a r i a l  a s s i s t a n c e  b u t  no 
t e c h n ic i a n s  a r e  employed, Cn a v e ra g e ,  5 p a t i e n t s  a r e  examinen a t  each 
o f  2 weekly s e s s i o n s ,
A l i m i t e d  e v a lu a t io n  of th e  s e iv i c e  has  been  a t te m p te d .  T e c h n ic a l ly  
s a t i s f a c t o r y  echograms and a d e q u a te  c l i n i c a l  r e c o rd s  were a v a i l a b l e  i n  201 
p a t i e n t s  e>caained between A p r i l  1971 and August 19 /3 : th e  c o n t r i b u t i o n  made
by u l t r a s o u n d  to  t h e i r  management has been  i n v e s t i g a t e d .
There w ere 6 main re a so n s  f o r  r e f e r r a l : -
1) To a s s e s s  m i t r a l  s t e n o s i s
2) To a s s e s s  mixed m i t r a l  v a lv e  d i s e a s e
3) To ex c lu d e  u n d e r ly in g  m i t r a l  s t e n o s i s  i n  p a t i e n t s  w ith  a t r i a l  
f i b r i l l a t i o n  o r  u n e x p la in e d  c a r d i a c  decom pensa tion
а) To a s s e s s  th e  m i t r a l  v a lv e  i n  dominant a o r t i c  v a l v e  d i s e a s e
5) To i n v e s t i g a t e  an a p i c a l  s y s t o l i c  murmur
б) To i d e n t i f y  a p e r i c a r d i a l  e f f u s io n  
7) O th e rs
l )  M i t r a l  s t e n o s i s  -  6^ p a t i e n t s
a )  A3 p a t i e n t s  who s u b se q u e n tly  underwent m i t r a l  valvotom.y 
The 37 p a t i e n t s  d i s c u s s e d  in  Chap, 5 a r e  in c lu d e d .
9 p a t i e n t s  under  my p e r s o n a l  s u p e r v i s io n  and 3 o th e r s  were n o t  c a t h e t e r i s e d .  
I n  s e l e c t i n g  them f o r  o p e r a t io n ,  th e  e c h o c a rd io g ra p h ic  f i n d i n g s  were c o n s id é r é  1, 
The re m a in irg  31 p a t i e n t s  were c a t h e t e r i s e d .  The p ro c e d u re  p r e c i p i t a t e d  
a t r i a l  f i b r i l l a t i o n  i n  3 in s t a n c e s  and , g iv e n  t h a t  ech o card io g rap h y  can 
d i f f e r e n t i a t e  a d e q u a te ly  between a  v a lv e  s u i t a b l e  f o r  a c l o s e d  valvotom y and cne
r e q u i r i n g  an open p ro c e d u re  (Chap. 3 ) ,  c a t h e t c r i s a t i o n  added l i t t l e  to  th e  
e c h o c a rd io g i 'a p h i .c / , , .  '
e c h o c a rd io ^ ra p h ic  f i n  l in g s .  M oreover, w i th  th e  e x c e p t io n  o f  one c a se  where 
due to  a measurement e r r o r ,  th e  s e v e r i t y  o f  m i t r a l  s t e n o s i s  was u nderes tir ; :a tcd  
by u l t r a s o u n d ,  th e  c a t h e t e r  and  e c h o c a rd io g ra p h ic  a s s e s sm e n ts  o f  s t e n o s i s  v/ere 
i n  accord .
b) 9 p a t i e n t s  w i th  a h i s t o r y  o f  f .rev ious  m i t r a l  valvotom y
These p a t i e n t s  were r e f e r r e d  because  of i n c r e a s in g  sym ptoratoTogy. The' 
m i t r a l  ecliogram d em o n stra ted  a  r i g i d  v a lv e  in  3 ca se s  and a p l i a b l e  v a lv e  wi t): 
a  d i a s t o l i c  c lo s u r e  r a t e  g r e a t e r  than  30 mm/see. in  th e  rem ainder.  I!, was thus  
p o s s i b l e  to  conclude in  each in s ta n c e  t h a t  f u r t h e r  m i t r a l  v a lv o to iy  was no t 
i n d i c a te d ,  3 p a t i e n t s  were subsequen tly  c a t h e t e r i s e d  and th e  e c h o c a r l i  og raph ic  
d ia g n o s i s  c f  m ild  s t e n o s i s  v/as con firm ed  in  each.
c) 8 p a t i e n t s  w i th  e s t a b l i s h e d  m i t r a l  s t e n o s i s  and symptoms dim  r e j n r t i o n a t e  to  
t h e i r  s ig n s .
These p a t i e n t s  were though t c l i n i c a l l y  to  }=ave a r e s p i r a t o r y  o r  f u n c t i o n a l  
component t o  t h e i r  symptoms. I n  each in s t a n c e  th e  m i t r a l  echogram d em onstra ted  
m ild  m i t r a l  s t e n o s i s .  Thus c a r d i a c  c a t h e t e r i s a t i c n  which in  s e v e ra l  i n s t a n c e s  
was c l e a r l y  u n d e s i r a b l e ,  was avo ided .
d) 7 p a t i s r . t s  w ith  si,"*n5 of m i t r a l  s t e n o s i s ,  p re  sen t i n -  f o r  th e  f i r s t  t  ime
The echogram e s t a b l i s h e d  th e  d ia g n o s i s  in  each c a s e .  Cn e c h o c a rd io g ra p h ic  
g rounds, th e  l e s i o n  was judged to  be no  more th a n  m oderate  i n  6 i n s t a n c e s ,  i n  3 
o f  which no f u r t h e r  i n v e s t i g a t i o n  was tho u g h t n e c e ssa ry ,  1 p a t i e n t s  were 
c a t h e t e r i s e d  and d e s p i t e  unequ ivoca l e c h o c a rd io g ra p h ic  ev idence  o f  t i g h t  m i t r a l  
s t e n o s i s  i n  one c a s e ,  none was r e f e r r e d  f o r  o p e ra t io n ,
2) Mixed m i t r a l  v a lv e  d i s e a s e  -  12 p a t i e n t s
I n  t h e  p e r io d  un d er  rev iew  only 12 p a t i e n t s  judged  to  have more than  
t r i v i a ]  m i t r a l  r e g u r g i t a t i o n  were examined and 10 had an a d d i t i o n a l  haemody namic 
s tudy .  E chocard iog raphy  dem o n stra te  1 a r i g i d  c a l c i f i e d  v a lv e  in  8 p a t i e n t s  who 
p r o c e e l e l  t o  m i t r a l  v a l v e  rep lacem en t and a p l i a b l e  v a lv e  w ith  m ild  o b s t r u c t io n  
i i / •  ». ,
i n  1  p a t i e n t s ,  none of whom was o p e ra te d ,
3) E x c lu s io n  of r d t m l  s t e n o s i s  -  27 p a t i e n t s
a)  3 p a t i e n t s  w i th  t hy r o t o x i c o s i s  and a t r i a l  f i b r i l l a t i o n
The m i t r a l  echogram was normal in  2 c a s e s .  The t h i r d ,  who r e v e r t e d  to  
s in u s  rhythm, had been  c a t h e t e r i s e d  and a d ia g n o s i s  o f  s i g n i f i c a n t  m i t r a l  
s t e n o s i s  had been made. The echocardiogram  ' (F ig .  1 3 ,Zj.) ex c lu d ed  s i g n i f i c a n t  
m i t r a l  s t e n o s i s  b u t  d em o n s tra ted  an u n su sp e c ted  p e r i c a r d i a l  e f f u s io n  which was 
su b se q u en tly  t a p p e d , ' The p a t i e n t  was s u b je c te d  t o  f u r t h e r  haeraodynamic 
i n v e s t i g a t i o n  which confirm ed  th e  u l t r a s o n i c  f i n d i n g s .
b) I'r p a t i o i t s  w i th  lo n e  a t r i a l  f i b r i l l a t i o n
These p a t i e n t s  v /e re  judged c l i n i c a l l y  to  have lone  a t r i a l  f i b r i l l a t i o n .
T h e ir  m i t r a l  echograms were normal and c a t h e t e r i s a t i c n  t o  exc lude  u n d e r ly in g  
m i t r a l  s t e n o s i s  was th u s  u n n ece ssa ry ,
c) 3 p a t i e n t s  w i th  ev id en ce  s u g g e s t iv e  of pulmonary th rcm bo-em bolic  d i s e a s e
A d ia g n o s i s  o f  pulmonary thrcm bo-em bolic  d i s e a s e  was made a t  c a r d i a c  
c a t h e t e r i s a t i o n  i n  2 p a t i e n t s  who had no m urraursand  who were in  s in u s  rhythm. 
E chocard iog raphy  dem o n stra ted  t i g h t  s t e n o s i s  of a p l i a b l e  v a lv e  in  one o f  them 
(F ig ,  1 0 , i ) ;  a  f u r t h e r  haemodyhamic s tu d y  which was c o m p lic a te d  by th e  o n se t  
o f  a t r i a l  f i b r i l l a t i o n ,  confirm ed  th e  f i n d in g .
The t h i r d  p a t i e n t  was i n  a t r i a l  f i b r i l l a t i o n  and no f u r t h e r  i n v e s t i g a t i o n  
was u n d e r ta k en  a f t e r  a  normal m i t r a l  echogram had been re c o rd e d ,
d) 7 p a t i e n t s  vbLth c h ro n ic  o b s t r u c t i v e  aiiv/a.ys d i s e a s e
These p a t i e n t s  had c l i n i c a l  and l a b o r a to r y  ev idence  o f  a irw ay s  o b s t r u c t io n .
D esp i te  th e  absence o f  a m um ur, u n d e r ly in g  m i t r a l  s t e n o s i s  was s u s p e c te d  because
of a p p a r e n t ly  d i s p r o p o r t i o n a t e  c a r d i a c  decom pensation , 4  were i n  s in u s  rhythm
Theand 3 i n  a t r i a l  f i b r i l l a t i o n .  M i t r a l  echogram was normal i n  6 and s t e n o t i c  in  
one p a t i e n t .  I n  th e  3 p a t i e n t s  s u b se q u e n t ly  c a t h e t e r i s e d ,  th e  e c h o c a rd io g ra p h ic  
f in d in g s  w ere confirm ed ,
s)  4  p a t i e n t s  w ith  a t r i a l  f i b r i l l a t i o n  and unex p la in ed  c a r d i a c  decompen s a t io n
2/ . . .
2 p a t i e n t s  v/ere shown by echocard io g rap h y  to  have n d t r a l  s t e n o s i s  and 
one, a f t e r  ha cm ody namic i n v e s t i g a t i o n ,  underwent a m i t r a l  valvotom y (P ig .  p /4 -b  )
I n  2 i n s t a n c e s  th e  m i t r a l  echogram in d i c a t e d  t h a t  t h e  v a lv e  was n o n -rh eu m a tic .
f )  6 p a t i e n t s  w ith  a t y p i c a l  murmurs
I n  3 p a t i e n t s  in c lu d in g  one in  whom a  d ia g n o s is  o f  m i t r a l  s t e n o s i s  had 
been made a t  c a r d i a c  c a t h e t e r i s a t i c n  10 y e a r s  p r e v i o u s l y ,  t h e m i t r a l  echogram 
v/as normal and f u r t h e r  i n v e s t i g a t i o n  was n o t  u n d e r ta k en .  The s i x t h  p a t i e n t  
who had undergone m u l t ip l e  haemodynamic s t u d i e s ,  none of w hich  had excluded  
m i t r a l  s t e n o s i s ,  had a  n o n -rh eu m a tic  echogram (F ig .  1 0 ,2 ) :  a  d ia g n o s i s  o f
m i t r a l  r e g u r g i t a t i o n  was s u sp e c te d  b u t  co u ld  not be  confirm ed ,
4) The m i t r a l  v a l v e  in  dominant a o r t i c  v a lv e  d i s e a s e  -  ,54 a t i en t s  
See Chap, 6,
3) A p ica l  s y s t o l i c  murmurs -  20 p a t i e n t s
a) 11 p a t i e n t s  w ith  s u sp e c te d  h y p e r t ro p h i c  o b s t r u c t i v e  cardiom yopathy
The c l i n i c a l  s u s p i c io n  was confirm ed by t y p i c a l  echogram i n  2 i n s t a n c e s .
The d ia g n o s i s  was u n e q u iv o c a l ly  excluded  by u l t r a s o u n d  in  4 p a t i e n t s  b u t  i n  t h e  
rem ain ing  3 , t h e  echograms p roved  d i f f i c u l t  t o  i n t e r p r e t .  Thus, P ig ,  1 0 ,6  
i s  from a  p a t i e n t  w i th  c h ro n ic  r e n a l  f a i l u r e  and c o u ld  be i n t e r p r e t e d  a s  showing th e  
f e a t u r e s  of o b s t r u c t i v e  card iom yopathy  b u t  echograms from th e  same p a t i e n t  cn 
subsequen t o c c a s io n s  were normal. The f in d in g  i s  u n e x p la in e d  b u t  s i m i l a r  
app ea ran ces  have been  reco rd ed  i n  a nunber o f  p a t i e n t p a r t i c u l a r l y  when th e  
u l t r a s o n i c  beam i s  d i r e c t e d  to w ard s  th e  I'egion of th e  p o s t e r i o r  p a p i l l a r y  muse] e.
One p a t i e n t  (P ig ,  ]0,9 ), whose o b s t r u c t io n  had been r e l i e v e d  s u r g i c a l l y ,  v/as 
examined 3 y e a r s  p o s t  o p e r a t iv e l y ,
b) 9 p a t i e n t s  w ith  p o s s i b l e  s u b - v a lv a r  m i t r a l  r e r u r p i t a t i o n
I n  6 i n s t a n c e s  th e  m i t r a l  echogi'^m appeared  normal b u t  i t  sho u ld  be noted  
t h a t  a t  th e  time th e  exam ina t ions  were made th e  im portance  o f  a t te m p t in g  to  
d em o n s tra te  cusp p r o l a p s e  was no t a p p re c ia te d .  F u r t h e r , t h e  r e l a t i v e l y  low 
d i a s t o l i c / , , .
d i a s t o l i c  c l o s u r e  r a t e s  observed  in  th e s e  p a t i e n t s  may sim ply  r e f l e c t  f a i l u r e  
to  re c o rd  th e  f u l l  am p li tu d e  of th e  m i t r a l  echogram.
I n  3 i n s t a n c e s  an  in c r e a s e d  d i a s t o l i c  c l o s u r e  r a t e  a n d / o r  d i a s t o l i c  
o s c i l l a t i o n  of th e  echogram (Chap, 7) v/ere dem o n stra ted  and  a d ia g n o s i s  of 
m i t r a l  r e g u r g i t a t i o n  v/as made. P ig ,  1 0 ,3  i s  th e  echogram from a  p a t i e n t  
who was found a t  o p e r a t io n  to  have a " f loppy* m i t r a l  v a lv e ,  and  P ig ,  8 ,  8 
i s  from a p a t i e n t  w i th  sy s tem ic  h y p e r te n s io n  and m i t r a l  r e g u r g i t a t i o n  o f  
a c u te  o n s e t ,
6) P e r i c a r d i a l  e f f u s io n  -  12 p a t i e n t s
12 p a t i e n t s  w i th  c h ro n ic  r e n a l  f a i l u r e  were r e f e r r e d  b ec a u se  c f  i n c r e a s in g  
ca rd icm ega ly . An e c h o c a rd io g ra p h ic  d ia g n o s i s  of p e r i c a r d i a l  e f f u s io n  v/as made 
i n  6 i n s t a n c e s ,
7) O thers  -  7 p a t i e n t s
3 p a t i e n t s ,  l a t e r  o p e ra te d ,  had e c h o c a rd io g ra p h ic  f e a t u r e s  c o n s i s t e n t  v /ith  
an  a t r i a l  s e p t a l  d e f e c t  (P ig ,  8 , 4  )•
4  p a t i e n t s  v/ere r e f e r r e d  f o r  exam ina t ion  of th e  t r i c u s p i d  v a lv e :  th e  
s t r u c t u r e  was v i s u a l i s e d  i n  only  one o f  th e s e  (P ig ,  1 0 ,7 )  and  was a p p a r e n t ly  
normal. T r i c u s p id  echograms w ere a l s o  reco rd ed  on o c c a s io n  i n  th e  d i l a t e d  
r i g h t  v e n t r i c l e s  of rheum a tic  m i t r a l  v a lv e  d i s e a s e  (P ig ,  5 ,14 )  u.nd a t r i a l  
s e p t a l  d e f e c t  (P ig ,  1 0 ,8 ) ,
T ills a n a l y s i s  has  d em o n s tra ted  t h a t  because  c l i n i c i a n s  a r e  o f t e n  
r e l u c t a n t  to  p la c e  r e l i a n c e  on e c h o c a rd io g ra p h ic  a s se ssm en t  of th e  
rheum atic  m i t r a l  v a l v e s ,  many p a t i e n t s  undergo u n n ece ssa ry  haemodynamic 
i n v e s t i g a t i o n .  I t  has  p roved  th e  v a lu e  of echocard iog raphy  i n  th e  a sse ssm en t 
of th e  m i t r a l  v a lv e  i n  a o r t i c  v a lv e  d i s e a s e  and i n  t h e i r  i n v e s t i g a t i o n  of o th e r  
p a t i e n t s  i n  whom m i t r a l  s t e n o s i s  canno t be excluded  on c l i n i c a l  g rounds :  th e
h igh  y i e l d  of " s i l e n t "  m i t r a l  s t e n o s i s  i s  im p re s s iv e .  I t  has  shown t h a t  
u l t r a s o u n d  i s  o f te n  u n s a t i s f a c t o r y  i n  assessm en t o f  th e  n o n -rh eu m a tic  v a lv e  
and may a t  t im es  be u n r e l i a b l e  i n  th e  i d e n t i f i c a t i o n  of h y p e r t r o p h ic  c b s t r u c t i v e  
card iom yopathy . S in ce  th e s e  p a t i e n t s  were s tu d ie d  th e  u l t r a s o n i c  a ssessm en t 
o f / . . ,
o f  l e f t  v e n t r i c u l a r  f u n c t i o n  h a s  been developed: t h i s  w i l l  'o b v io u s ly
p ro v id e  f u r t h e r  v a lu a b le  in fo rm a t io n .
V .
F I G .  10,1
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’-ISILENT" MITRAL STENOSIS
W.B. Amplitude 56mm. OCR 233mm/sec .
F I G .  1 0 , 2  SEE TEXT F I G .  1 0 , 3
" FL O P P Y  MITRAL VALVE
F I G .  1 0 , 4 SEE TEXT
h : r
HYPERTROPHIC OBSTRUCTIVE 
CAR DIOM YOPATHY POST-OPERATIVE
FIGi. 1 0 , 6 SEE TEXT
F I G .  1 0 , 7 TRICUSPID EC H O G R A M  -  See  Text
IVS
F I G .  1 0 , 8 TRICUSPID EC H O G R A M  IN ATRIAL SEPTAL DEFECT
A P P E N D I X
Amplitude
mm.
DOR 
mm/sec
FdDV 
Eim/ sec
EDV
m l.
337
ml.
SV
ml SP
orrnal 22 .5 152 97 55 6 46 0 ,8 8
n = 13) 24.5 188 116 136 15 121 0 .8 9
27.5 200 125 156 53 103 0,76
28 156 83 '21 62 0 ,7 4
28 159 83 146 58 107 0 ,7 4
26.5 144 149 141 42 99 0 .7 0
31.5 167 100 85 18 68 0 ,7 9
59 181 118 103 22 86 0 .7 9
30 203 109 115 17 98 0 .85
26 159 76 125 23 102 0 .8 1
28 139 42 97 0 .7 6
55 158 147 62 9 55 0 .86
25 95 16 77 0 ,83
oan 28.4 167 114 109 23 86 0 ,8 0
SD 4 .3 25 28 31 12 25 0 .0 7
R 21.5 290 167 422 151 291 0 .6 9a = 8) 24 107 250 94 156 0,62
29 190 195 33 162 0 ,83
17 90 556 129 207 0 ,62
19,5 112 216 77 159 0 ,6 4
26 .5  ■ 154 216 37 179 0 ,8 8
21.5 155 288 112 176 0 ,61
51 300 156 581 244 145 0 .37
3an 2 1 .1 248 154 288 107 182 0 ,66
D 9 .1 82 35 84 67 49 0 ,16
< 0.05 : > 0 , 1 0 - > 0 .1 0 0,001 < - 0.005 c-O.OOl < . 0,05
bn-rh eu m a tic 22 400 154 251 140 111 0 ,4 4
R 16,5 250 128 469 203 262 0 .56
1 = 10) 19 .5 189 107 83 0 .44
21 ,5 143 89 54 0 .39
28 272 95 177 0 .65  1
2 7 .5 200 137 64 0.32
22.5 402 156 246 0.61
. ....... ...............
52.5 216 166 68 98 0 .5 9
COn i / . . .
Amnlitude
mm.
DOR 
rara/ sec
F.7DV 
mn/sec
ED 7 
ml.
S3V
ml.
SV
ml EF
lo n - rh e u n a t ic 25 288 152 179 41 138 0 .7 7  1
ni 35 500 62 184 64 120 0 .65
le=t.n 25 356. 142 246 i l l 135 0 .54
ID 5 .8 113 55 108 50 72 0 .14
5 >  0 .1 0 c O . O l > 0 . 1 0 ^ 0.005 ^ 0 . 0 0 1 ^ 0 . 1 0 cCO.OOl
IS 29 14 54 56 15 42 0 .75
:n = 7) 34 26 27 76 26 56 0 .74
25 12 24 84 24 60 0.72
25 15 40 69 24 45 0 .45
28 40 24 53 14 39 0 .7 4
26 7 97 13 84 0 .8 7
24 12 141 54 87 0.62
[ean 27.4 19 34 82 23 59 0 .7 0
D 3 .4 12 13 30 14 20 0.13
> ^ 0 . 1 0  _ ^  0 .001 ^ 0 . 0 0 1 ^ 0 . 1 0 : > 0 . 1 0 ^ -0 ,0 ? . <CL0.10
DT 27 157 120 186 22 165 0 .8 8
n = 15) 22 .5 227 190 298 138 159 0 .5 3
33 .5 182 106 216 91 125 0 .5 8
24 .5 162 145 31 114 0 .7 9
33 145 216 43 173 0 .8 0
32 178 103 193 52 142 0 .73
2 8 .5 " 177 118 20 93 0 .83
31.5 142 178 41 136 0 .7 9
37 252 76 204 54 150 0.74
29 211 80 145 22 123 0 .85
25 183 94 55 39 0.42
25 80 166 55 112 0 .67
28 75 197 35 162 0 .8 2
1 25 256 213 369 319 50 0 .141 26 209 94 145 23 122 0 .8 4
3on 28 .5 196 119 191 67 125 0 .6 9
) 4 .1 28 46 69 76 39 0 .2 0
0 .1 0 ^ 0 . 0 2 > 0 . 1 0 ^ 0 . 0 0 1 - ^ 0 ,0 5 -=^0.005 - ^ - 0 .1 0
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